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CRUSHED STONE AND GRAVEL ROADS 


By C. L. McKESSON, Senior Highway Engineer, and A. F. MORRIS, Highway Engineer, Bureau of Public Roads. 


HE fact that for many 
years an extensive mile- 
age of highways must of nec- 
essity be surfaced with crushed 
stone or gravel seems to war- 
rant a review of developments 
in this type of construction in 
the Pacific Northwest. This 
paper does not take into con- 
sideration macadam surfacing, 
which is an altogether differ- 
ent type. 

Many miles of crushed stone 
or gravel surfac ng are now 
under construction. Due toa 
lack of water in most localities 
where this type is being built, 
water has been used on only a 
few projects and rolling is sel- 
dom resorted to. The general 
practice now in this section 





FEDERAL-AID PROJECT NO. 44, IN GILLIAM COUNTY, OREG., SURFACED WITH CRUSHED GRAVEL 


is to use much finer material than heretofore, both in! The more recent specifications for crushed stone or 
bottom and top courses. The maximum size of | crushed gravel surfacing usually require the material 
material used is 2 inches, and on many of the most to be screened into two bins, one receiving the material 
satisfactory pieces of construction 14 inches was fixed | from 2 inches or 14 inches, the maximum size, down to 
as the maximum. The ease with which such a sur- | 1 inch or ¢ inch, and the other containing the finer 
facing may be maintained and the smooth, uniform material. The material is spread in 2 courses, each 
roadway resulting seem to justify the small additional approximately one-half of the total thickness, but the 
cost involved in producing the finer material. exact thickness is regulated in such a way as to use al] 





WASHINGTON FEDERAL-AID PROJECT NO.14,IN OKANOGAN COUNTY,SURFACED WITH SCREENED 
GRAVEL 


y (3) 


of the material between 14 
inches and 1 inch (or } inch) 
for the bottom course and the 
finer material for the top 
course. The base course is 
usually spread about 500 feet 
in advance of, the top course, 
but this is varied in order to 
prevent the overflow of either 
of the bins. 


SPECIFICATIONS GIVE SATIS- 
FACTORY RESULTS. 


The results obtained under 
these specifications have been 
satisfactory, but it has been 
noted that the stone from 
some quarries has set up into 
a smooth, hard roadway much 
more quickly than that from 
others. In some cases stone 
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which screening and abrasive tests indicated as being 
of superior quality did not form as satisfactory road 
material as a softer stone on which a rather adverse 
report had been made by the testing engineer. It has 
been demonstrated that a small amount of soft stone 
in a quarry provides a binder which is far more 
desirable than earth or clay, which it is sometimes 
necessary to add to the base where the material is a 
particularly hard clean basalt. 

On one project in Central Oregon the specifications 
eall for crusher-run material of a maximum size of 14 
inches laid in one course of 5-inch thickness and leveled 
up with a top course of approximately 1-inch thickness. 
The results are not as satisfactory as on other projects 
where the material is separated into two grades and 
laid in two courses. When laid in deep courses, the 
material does not compact as well as when laid in 
lighter courses and the operation of spreading and 
dragging the stone tends to sift the screenings to the 
bottom and leave the larger fragments on top—exactly 
the reverse of the ideal condition. 

In some specifications an attempt is made to specify 
percentages of material passing a series of screens be- 
tween the maximum and minimum sizes. There ap- 
pears to be little or no justification in practice for this 
attempted refinement. A gravel or broken-stone type 
of surfacing is at best only a light traffic surfacing and 
every effort should be made to use suitable materials 
locally available. In many cases splendid pieces of 
work have been constructed with material which would 
not comply with a specification requiring an ideal 
erading with a minimum percentage of voids. The 
maximum size should be specified at 14 or 2 inches. 
The maximum and minimum percentages of sand should 
be specified between liberal limits. The proportions 
passing and retained on a $-inch or 1-inch screen 
should also be specified. These proportions can easily 
be checked on a large scale during the progress of the 
work by noting the relative output from each of the 
bins. The various pits should be carefully examined 
and average grading of the material, apparent cement- 
ing qualities, percentage of oversize particles and avail- 
ability of material should all be considered in the selec- 
tion of pits. The best material that can be obtained 
within reasonable costs should always be selected. 
In some cases it will be found necessary to use gravel 
little of which is coarser than } inch or 1 inch, and some 
very satisfactory results have been obtained with such 
gravel, which of course requires no separation of sizes. 





CRUSHED GRAVEL MOST SATISFACTORY FOR DRY-BUILT 
ROADS. 


Where surfacing is laid without water and without 
rolling, crushed gravel has generally been found to be 
the most satisfactory material. The selection of gravel | 
pits requires care and experience on the part of the | 





engineer. As a rule any gravel which is found 
cemented together in the pit will form an excellent road 
metal when crushed and properly laid, while gravel 
which lies loose in its natural state, as in beds of 
streams or which carries a large amount of sand, 
can not be expected to set up rapidly when deposited 
on a road, though there have been some exceptions 
to this rule. The gravel, though lying loose and 
free in the bank, may carry enough soft granite or 
other soft stone to form a natural binder when crushed, 
but as a general rule, unless the material is found 
well cemented in the pit, it will not prove satisfactory 
as a surfacing material where the oversize gravel and 
excess sand is screened out and no crusher used. 
Such material will not compact into a good wearing 
surface in dry weather without the addition of clay 
or earth binder. Where such binder is used the results 
usually appear to be satisfactory in the summer, but, 
when the clay which acted as a binder in August 
becomes a lubricant in January, the results are apt 
to be far from satisfactory. It is very desirable to 
crush oversize material rather than to screen and 
waste it. Any gravel which contains 15 to 20 per 
cent of oversize material will justify the use of a 
crusher. / 

A number of projects have been constructed with 
gravel spread in two layers each of approximately 
one-half the total thickness, the material in both the 
top and bottom courses being required to pass a 14- 
inch screen. In Washington it has been the general 
tule to specify ‘“one-course” gravel of a maximum 
size of 14 inches. While the specifications permit 
laying the total thickness (which varies from 6 to 
8 inches) in one course, it has been the general practice 
to spread a base course of approximately one-half the 
total thickness and follow with a second layer of the 
same size material, as it has been found easier to 
operate trucks in this way than to plow through 6 
or 8 inches of loose gravel. 


THE MOST SATISFACTORY METHOD. 


After observing the methods employed in the con- 
struction of the various types of crushed rock and 
gravel surfacing on many Federal-aid jobs in district 1 
and the results obtained, we are convinced that the 
most satisfactory road surface has been secured where 
the crushed gravel was placed in two courses; the bot- 
tom course consisting of material passing a screen with 
circular openings of not more than 2 inches, preferably 
14 inches, and retained on a screen having openings of 
1 inch or {-inch diameter and the top course consisting 
of all material passing the smaller sercen. 

There is some difference of opinion as to the merits 
of this method of screening into two sizes before laying. 
Some engineers argue that it is better to use crusher 
run material in both courses on the theory that in thig 





way the voids in the base are filled better than if the 
fines are screened out. If it were possible to obtain a 
uniform mixture and to maintain this uniformity 
‘through the various stages of crushing, screening, haul- 
ing, and spreading the rock, there would be no doubt 
that the crusher-run method would be the more desir- 
able, but it is not possible to secure the desired uni- 
formity when all the output of the plant falls into 
one bin. 

When the material falls from the screen, the fines 
cling together in a pyramid, while the larger pebbles 
and fragments roll down and outward to the sides of 
the bin. The result is that some loads hauled to the 
road contain practically all fines, while others consist 
almost entirely of the larger size stone; so that the 
theoretically uniform mixture actually consists of a 
patch of course and a patch of fine, with the fines on 
the bottom and the coarse material on top quite as 
frequently as otherwise, which is exactly the reverse 
of what it should be. 

Even if every load were uniformly graded and mixed 
when deposited on the road, which they never are, the 
process of spreading and dragging necessary to secure 
a true and uniform surface would tend to work the fine 
material to the bottom, leaving the coarser particles 
on top, thus again producing a condition exactly op- 
posed to the ideal, which is more nearly obtained by 
first laying the heavy rock on the bottom and spread- 
ing a top course of fine material. 


IMPORTANCE OF DRAGGING DURING CONSTRUCTION. 


The great importance of constantly dragging and 
maintaiing the surface of the roadway during con- 
struction is frequently overlooked. Surfacing is usually 
begun at the source of supply, so that hauling and 
trucking of material will be carried on over the newly 
placed stone until the job is completed. With proper 
dragging a smooth, uniform surface can be obtained by 
the time the project is completed, but without dragging 
the road becomes badly rutted and a rough, unsatis- 
factory job results. In dragging it has been found 
advisable to use a light-drag in the early stages, gradu- 
ally filling the ruts as they are formed. Ifa heavy drag 
is used which entirely fills the ruts, the trucks are 
obliged to plow new ruts, and a constant repetition of 
this operation results principally in an excessive cost 
for hauling and leaves a poorly compacted surface. 
With light drags gradually filling the ruts, the ruts 
are built up and soon traffic can be distributed over 
the surface. 

On one Oregon project it was necessary to truck 
material over the new surfacing up to a distance of 11 
miles from the pit. Without proper dragging or water 
this job made a very poor showing for several months, 
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Two water tanks were then provided, the gravel was 
kept damp and dragged with light drags, and the job 
carried to a most satisfactory completion. The cost 
for watering in this case was about $250 per mile, but 
upon completion a smooth and well compacted surface 
was turned over to the public in spite of the heavy 
trucking during construction. A blade or road planer 
is necessary to finish such a surface after it has begun 
to compact under the light drags. 

On one project heavy wagon tires dragged over the 
ruts behind the trucks assisted in filling and com- 
pacting the material and in eliminating the ruts. 

The advisability of continuing the practice of laying 
screened or pit-run gravel surfacing without sprinkling 
and continuous dragging is seriously questioned, except 
in the rare instances where water can not be obtained. 
It is true that in nearly every case a fairly good road 
surface has been secured after properly maintaining it 
through a winter, with the usual amount of moisture 
from rain and melting snow; but it is very seldom that 
such a surface becomes really satisfactory until it has 
been thoroughly wet down, either by natural means or 
by the use of sprinklers in the course of construction. 

Where water is available the cost per mile for sprin- 
kling and dragging is usually very small as compared 
with the satisfaction of having a firm, smooth ‘surface . 
as soon as the road is completed. The inconvenience 
of a loose, rutty surface for the first season, as is so 
often the case where water and drag are not used, may 
thus be avoided. The reduced cost of maintenance for 
the first year where a road is properly compacted 
during construction will probably offset the cost of 
water used. 

The illustrations show the difference between a 
crushed gravel surface and one of screened gravel, 
both laid without water or rolling and under prac- 
tically the same weather conditions. 


BRITISH ROAD CLASSIFICATION. 


The classification of roads under the British min- 
istry of transports’ scheme is nearing completion, and 
when the schedules reach their final form it is the 
intention of the ministry to distinguish each first and 
second class road by an individual number. Another 
feature of the scheme is the standardization of warning 
signs and road direction posts; provision has been 
made for indicating the route numbers on the arms of 
posts in the belief that “the universal adoption of this 
practice would be of the greatest service to road users 
generally.” These details are included in a letter from 
the ministry to the highway authorities in England. 
The letter concludes by saying that Sir Eric Geddes 
is not advocating “any wholesale replacement of 
serviceable signs at the present time.” 
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CAPILLARY MOISTURE AND ITS. 
EFFECT ON HIGHWAY SUBGRADES 


By W. W. McLAUGHLIN, Senior Irrigation Engineer, Bureau of Public Roads. 


NE of the basic necessities in a pavement is a dry, 
O well drained foundation or subgrade. The pre- 
vailing practice is to provide drainage by means of 
open ditches, covered drains, or both, for the removal of 
free surface or free ground water. Even where this 
precaution has been taken, many highway pavements 
have failed because of wet bases. In other instances, 
in the arid sections of the country, pavements have at 
least partially failed where drainage was not thought 
to be necessary, and these partial failures have resulted, 
as far as could be determined, because of moisture 
distribution in the subgrades. 

Why do these highways fail? Why do the founda- 
tions become wet and unstable in the face of accepted 
drainage methods? These are live questions bothering 
many highway engineers and now causing much con- 
cern in connection with highway pavement construction. 

That capillary moisture may be the cause of some 
highway troubles and even failures has but recently 
been suspected. The writer’s interest has been aroused 
in this question by investigations of the movement of 
soil moisture by capillarity by the division of irrigation 
investigations of the Bureau of Public Roads. It is 
the purpose of this article to present briefly a few of 
the data which may have a bearing upon the subject. 

The force of capillarity acts equally in all directions, 
while the force of gravity acts only in a direction verti- 
cally downward. These two forces are at work all the 
time upon any moisture which may be within the soil. 
Capillarity is augmented by gravity when working in a 
direction downward from the horizontal and is reduced 
by that amount when working in a direction upward 
from the horizontal. 

The following table indicates the relative effects of 
these two forces: 

TaBLE No. 1.—Capillary movement of soil moisture from a free water 
surface into a lava ash soil column for various periods of time, and 


the total quantity of water moved. 




















Direction moisture moved. 
Time 
in j 

dame Down- | Down- 

" |Vertically, Hori. | ward | afew 

upward. | zontal. | +? irom horent 

| tals ||) Stee. 

: Inches. | Inches. Inches. Inches. 

Distanee moved.................. ] i. 2> | 22.8 24, 80 26. 20 

2 23. 59 30. 8&5 34. 05 38. 05 

3 ag. GF | Bz 255 41.70 42.35 

i:)06 6g ae Oe 63. 40 66. 25 

15 46, 92 | S1. 45 95. 25 99. 70 

’ ‘ ; 30 54. 50 109. 90 137. 10 150. 10 

Water moved in acre-inches, per 

Le ee 1 | 0. 403 | 0. 605 0. 655 0. 605 
2 . oo4 | . 306 . 907 Sor 
3 | . 706 1. 008 1. 109 | 1. 058 
4 - 907 1. 562 1, 764 | 1, 764 
Ls 1. 169 ' 2. 369 De. | 3. O24 
30 | 1. 320 3. 58 4. 334 | 5. 141 








The table shows clearly the effect of gravity on the 
capillary movement of soil moisture, both as to the 
distance the latter will reach in a given time and the 
total quantity of water moved. [Expressed in round 
numbers and based upon the figures for the vertical 
column the moisture had moved downward at the end 
of 30 days two and one-half times as far in the soil 
column inclined downward at an angle of 15° and two 
and three-fourths times as far in the soil inclined — 
downward at an angle of 30°, as it had moved upward 
in the vertical column. At the end of 30 days, three 
and one-fourth times as much water had moved down 
the 15° incline and three and nine-tenths times as 
much water had moved down the 30° incline as had 
climbed upward in the vertical column. 

The table also shows that the quantity of water per 
unit over the entire wetted length is greater for the 
columns inclined downward than for the horizontal or 
vertical columns. That some idea may be obtained 
of the unit distribution of moisture in a vertical soil 
column and in a column inclined downward at an 
angle of 30° the following table is given: 


TaBLE No. 2.—Distribution of moisture in soil columns by 2-inch 
sections from the water surface. 


[Yolo gravel-clay loam.] 





. Percentage of mois- 
turein the soil. 


Distance from water surface. 
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x column. | down-, 
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Per cent. | Per cent. 
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In the table the average percentage of moisture per 
inch in the inclined column is greater by 44 per cent 
than that in the vertical column. The per cent of 
moisture in the end of the column away from the 


- body of free water is 42 per cent greater in the inclined 
-}| column than in the vertical column. 


This circum- 


stance is of the greatest importance, because the sup- 


porting strength of the subgrade depends upon the 
percentage of water in the soil. 
The percentage of moisture found in a vertical soil 


, column is not related directly to the height above the 


ground water except at the upper end, and then in 
only a very general way. The maximum percentage 
of moisture may be found and, in the clays and loams, 


usually is found several inches above the water surface. 
This point is illustrated by figure 1. 

From the figure it is seen that in the Riverside soil 
the greatest per cent of moisture is found about 15 
inches above the water surface. In the Idaho lava 
ash about one-half of the soil column is up to capillary 
saturation. In other, words, there would be little 
difference from the standpoint of moisture content 
whether the pavement was 6 inches or 24 inches 
above the water surface. 


EFFECT OF GRAVEL SUB-BASE INDICATED. 


Stratified soils of different types are usua!ly found in 
the alluvial areas and the relative percentage of 
moisture in the several strata is of interest. Several 
soil columns were made up of sand, loam, and clay in 
alternate layers, differently arranged. These columns 
after having stood for several days were analyzed for 
moisture. It was found that, at the same height, the 
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In a soil column made up of 16 inches of clay on the 
bottom and sand on top, the moisture had not moved 
up into the sand more than 3 inches after standing 20 
days. There was only 5 per cent of moisture in the 
sand, although there was 39 per cent in the top of the 
clay. Other similar tests indicated the advantage of a 
top layer of sand or gravel in keeping the moisture per- 
centage low near the upper end of the soil column. 
The top layer of sand also seems to permit only slow 
movement of the moisture from the clay upward into 
the sand. Generally speaking, if the sand or gravel 
is placed at the bottom and a topping of clay or loam 
provided, the sand or gravel must be thick enough to 
prevent the rise of moisture to its upper edge to be 
effective. While the sand layer may transmit the 
moisture slowly, the clay or loam will readily take it 
up. Retardation of the movement within the limits of 
a few weeks is not of material importance or advantage 
in pavement work. 





INCHES ABOVE WATER 
FIGURE 1. 


' EXTENT AND RATE OF CAPILLARY MOVEMENT. 


several strata contained approximately the same per- 
centage of moisture as a column of one type represent- 
ing the various soils mingled. Table 3 gives the results 
of a typical instance. The made-up soil column has 6 
inches of clay on the bottom, then 4 inches of river 
sand, and then a layer of clay, 6 inches thick, of the 
same type as the bottom layer. The second column of 
the table gives the percentage of moisture at various 
heights in a soil column made up as described above, 
and column 3 gives the percentage of moisture found at 
the corresponding heights in a uniform soil column of 
the type found in the made-up column at the respective 
heights. 


TaBLE No. 3.—Distribution of moisture in soil column of uniform 
type and in a stratified column of different soil types. 
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Questions often arise as to how far moisture will be 
brought up in different soils by capillarity from a body 
of free water, and at what rate the water will reach 
points at various heights above the water surface. 
Table 4 gives some indication of the answers. 


TABLE No. 4.—Rise of capillary moisture in soils for different periods 
of time and rate of movement of the moisture. 
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soil texture the greater its capillary power, and it also 
shows the fallacy of attempting to keep the subgrade 
dry by shallow drainage or the building of low fills over 
soil saturated with water or where the underground 
water table is nearer than 5 or 6 feet to the surface, 


unless the soil be sandy. The table shows that in lava 
ash soil of the type used in the experiment there will 
be brought to the surface through 5 feet of soil 1.8 
acre-inches of water in a year, and through 4 fect of 
this soil there would be brought to the surface in the 
same time 3.3 acre-inches. Five and one-half inches 
of water would be brought up through 1 foot of sand, 
but through 2 feet of sand only one-half acre-inch of 
water would be brought up in a vear. 

It is difficult to estimate the amount of the evapora- 
tion of moisture from below the midpoint of a paved 
highway. Near the outer edge of the pavement the 
rate of evaporation may be very rapid, but in the cen- 
ter the moisture would first. have to move horizontally 
to a crack or through 8 or 10 feet of soil to the outer 
edge of the pavement. On the deserts of the West the 
rate of evaporation from a wet soil may be one-half 
inch per day, and under some conditions even more. 
The rapid evaporation of the moisture near the outer 
edge of the pavement might, and sometimes does, re- 
sult in a dry subgrade at and near the outer edge of 
the pavement and a wet subgrade in the center. In 
the heavier soils this would result in a subgrade of 
unequal supporting power and, through contraction 
and expansion resulting from unequal moisture con- 
tent, leave an unsupported outer edge of the pavement 
or a mushy yielding subgrade center. According to 
Prof. William H. Burr, M. Am. Soe. C. E., the safe- 
bearing power of dry clay is 4 to 6 tons per square foot; 
that of moderately dry clay 2 to 4 tons; and that of 
soft, moist clay 1 to 2 tons. Hool and Johnson give 
as the safe-bearing power of quicksand 4 to 1 ton per 
square foot, gravel and coarse sand well cemented 8 to 
10 tons, and clean dry sand 2 to 4 tons. These figures 
indicate the effect of moisture in the subgrade in its 
relation to load-bearing strength. 


CAPILLARY SYPHON MAY CAUSE WATER-LOGGING. 


Where a highway is built through a country having 
a transverse slope of 15 degrees or more the movement 
of moisture down this slope by capillarity is relatively 
very rapid and extensive. If a sand or gravel stratum 
is present (especially if it be on top of a clay or other 
impervious or semi-impervious layer) then the capillary 
movement of moisture is much more rapid and will 
extend for great distances. Such soil conditions are 
not at all uncommon in an alluvial country and afford 
ideal conditions for the capillary syphoning of water. 

The capillary movement of soil moisture from a free 
water surface is very rapid for the first 48 hours, and 
for that reason, shallow side drain ditches are not 
effective in preventing the capillary movement of 
moisture into subgrades, especially if these ditches 
are at all near the pavement. -Deep drains are not 
effective against capillary moisture unless placed 
below the limit of capillary rise of moisture in the soil 
under consideration. 








That capillary moisture has caused soggy, wet sub- 
grades is beyond question and unless effective pre- 
ventive measures are taken it will continue to cause 
highway troubles. Just what these protective meas- 
ures should be and remain within reasonable cost 
limits has not yet been ascertained. 

The data outlined above were obtained from experi- 
ments conducted on the capillary movement of soil 
moisture where the source of the moisture was free 
water. The capillary movement of soil moisture 
from a wet soil to a soil containing a smaller percentage 
of water differs from what has been shown only in 
quantity. However, the rate and extent of move- 
ment of the moisture under the last named condition is 
relatively so little as to be almost negligible in highway 
pavements. 


SCHOLARSHIP ESSAY CONTEST ANNOUNCED. 


A national essay contest, open to all pupils of high- 
school grade, with a 4-years’ scholarship in any col- 
lege or university as the prize for the successful con- 
testant, was announced recently by the Highway and 
Highway Transport Education Committee. The sub- 
ject prescribed by the committee is “Good Roads and 
Highway Transport.” At the request of the com- 
mittee Mr. H. S. Firestone, of Akron, Ohio, has con- 
sented to furnish the scholarship, which is valued at 
about $5,000. This is a repetition of Mr. Firestone’s 
offer of last year, which resulted in the awarding of a 
scholarship to Miss Katharine F. Butterfield, of 
Weiser, Idaho. 

United States Commissioner of Education Dr. P. P. 
Claxton has requested the superintendents of educa- 
tion of the various States to name State committees 
to pass upon the essays that are written in each of 
the States, and the best essay from each State will be 
sent to Washington, where the national prize winner 
will be decided by a committee to be appointed by 
the Commissioner of Education. 

The essays must not exceed 500 words in length and 
must be in the hands of the local committees not 
later than June 15, or the date of the closing of school 
in each locality. 

Members of the Highway and Highway Transport 
Education Committee are: Dr. P. P. Claxton, United 
States Commissioner of Education, chairman; Thomas 
H. MacDonald, Chief Bureau of Public Roads; Col. 
Mason M. Patrick, Corps of Engineers, United States 
Army; Roy D. Chapin, National Automobile Cham- 
ber of Commerce; W. S. Keller, president American 
Association of State Highway Officials; H. S. Fire- 
stone, Rubber Association of America; Dean F. L. 
Bishop, Society for the Promotion of Engineering 
Education; Dr. Walton C. John, United States Bu- 
reau of Education, secretary; and Prof. C. J. Tilden, 
Yale University, director. 


BITUMINOUS PAVEMENTS LAID ON 
OLD MACADAM STREETS IN DENVER 


By J. W. JOHNSON, Senior Highway Engineer, Bureau of Public Roads. 


HE city and county of 
Denver, during the past 
10 years, have paved a num- 
ber of streets with various 
types of bituminous surfaces 
on old macadam bases. The 
different types laid to date 
are asphaltic concrete, tar 
concrete, ‘‘Amiesite,’’ sheet 
asphalt, and ‘ Willite.” The 
first attempt at this con- 
struction was made by the 
city in 1910, when four blocks 
on Speer Boulevard were 
paved. Three types of pave- 
ment were laid in the follow- 
ing order, each type being 
used throughout one block: 
Asphalt concrete, tar con- 
crete, ‘“‘Amiesite,”’ and tar 
concrete. In 1912 the paving 
on this street was continued fora distance of eight blocks, 
using asphalt concrete. In the same year a block on 
Eighteenth Avenue, from Sherman to Grant, was paved 
with ‘“‘Amiesite.” In 1913 the block between Sherman 
and Lincoln on Eighteenth Avenue was paved with 
asphalt concrete. 

In 1916, 1917, and 1918, 35 to 40 blocks were paved 
with sheet asphalt and asphalt concrete. One block of 
“Willite’ was laid in 1919. In 1920 a total of 112,920 
square yards of asphalt concrete and “ Willite” pave- 
ment was laid. 

All of the streets paved in this manner had previously 
been improved by grading, curbing, and gutter and 
surfacing. The surfacing originally placed varied in 
different parts of the city. Disintegrated granite, slag, 
and oil macadam were used. 

The width of the streets varied from 30 to 40 feet 
between curbs. The width of the gutter was usually 
2 feet. The crown varied from 8 to 12 inches. All of 
the streets had previously been supplied with storm 
sewers. Intakes to sewers were provided at intervals 
so that the maximum length of run-off of surface water 
was about 600 feet. 

Owing to the light annual precipitation (an average 
of about 14 inches), the high crown on pavements, and 
the short distances that surface water has to travel 
before entering sewers, there is very little opportunity 
- for the subgrade to become wet so long as the pave- 
ment is in good condition. 
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REMOVING THE EXCESS MATERIAL AFTER SCARIFYING THE OLD MACADAM. 


where settlement of the subgrade has occurred are in 
evidence. Practically all of these defects occur under 
the earlier pavements. 

With the exception of a small amount of ‘“ Willite,” 
all of the 1920 construction was asphaltic concrete, 14 
inches thick on a 14-inch binder course. Both Mexican 
and California asphalt, with a penetration of from 50 
to 60, were used. The binder course was mixed in the 
proportion of 50 pounds of asphaltic cement to 250 
pounds of sand and 750 pounds of smelter slag (maxi- 
mum size 1 inch). The surface course was mixed in 
the proportion of 80 pounds of asphaltic cement to 85 
pounds of limestone dust, 300 pounds of slag (maximum 
size § inch), and 535 pounds of sand. 

The mixing was done at stationary plants and the 
material was transported to the job in auto trucks. 
The mixing plants and trucks are owned and operated 
by the city. All of the work, including the grading and 
preparation of the subgrade, is done by the city by day 
labor. No contracts are let for any portion of the work 
of this character. 


PREPARATION OF SUBGRADE. 


The surface of the street selected for paving is scari- 
fied by the use of a scarifier attached to a heavy 
blade machine and pulled by a 10-ton caterpillar 
tractor. The depth and amount of scarifying depends 
on the condition of the old macadam and the amount 


Only a very few places | necessary to be removed. As all of the streets paved 
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have either brick or concrete gutters, it becomes neces- 
sary to remove 8 inches of old material at the junc- 
tion of pavement and gutter. From this point the 
amount of material removed is decreased to the 
center of the road, where only the amount necessary 
to bring the road to a uniform crown is taken off. 
‘+ The material loosened by the. searifier is bladed 
into windrows, about 6 feet wide and 3 feet high, and 
then loaded into wagons by means of a_ traveling 
bucket loader. After the excess material 1s removed 
the roadbed is thoroughly rolled until hard and firm. 
All depressions are then filled with good material and 
again rolled and brought to a uniform grade and cross 
section. 

Upon this subgrade the asphalt binder course and 
surface course are laid in accordance with usual prac- 
tice in laying asphalt pavement. 


COST OF PAVEMENT. 


The number of square yards of pavement of this 
character laid during the season of 1920 was 112,920. 
The total cost of this work was $127,768.77, which is 
at the rate of $1.18 per square yard. This price in- 
cluded the grading necessary to prepare the sub- 
grade. 

The average cost of grading amounted to $0.15 per 
square yard of pavement. In other words, the pave- 
ment cost an average of $0.98, and the grading $0.15 
per square yard. 

The items of cost of the work done in 1920 are as 
follows: 
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The various charges entering into the above items 
are explained as follows: Surface and binder mixture 
include the cost of asphalt, limestone dust, sand and 
slag which are used in them. 

Fuel covers all coal used at plant and on steam 
rollers on job and fuel oil in the dryer and electric 
power for derrick. 

Expense includes insurance, taxes, printing, automo- 
bile and miscellaneous expenditures. 

Tools and sundries include the purchase of tools 
and miscellaneous plant supplies, water rental, horse 
feed and shoeing, lubricating oil and grease. 





Plant repairs include repairs and replacements to 
plant and roller parts; also labor in getting plant in 
shape before starting up in the spring. 

Depreciation is 20 per cent of the cost of new equip- 
ment purchased. 

General salaries include those of the superintendent, 
bookkeeper at plant, clerk at. administrative office, 
and an inspector. 

General labor includes labor in building addition to 
plant, assembling derrick and any other work not 
properly chargeable to operation. 


Plant labor includes all labor used in operating the. 


plant. 

Street labor includes all labor used on the street in 
laying the binder and top. 

Hauling includes the cost of trucks and drivers, and 
street rollers and operators. 

Grading includes all labor in preparing subgrade. 


PRESENT CONDITION OF PAVEMENT. 


The most noticeable defects in the present condition 
of these pavements are sunken spots, roughness or 
waves in the surface, and surface cracks. The sunken 
places are all on work done in 1910 and 1912. 
The largest of these have a diameter of from 8 to 10 
feet, and are possibly 8 to 12 inches below grade. 
This condition is caused by settlement of the subgrade, 
which was on a comparatively new fill of from 4 
to 10 or 12 feet. The street on which these sunken 
places occur was built along the bank of Cherry Creek, 
parallel to new retaining walls built to confine the 
water course of the creek. The surfacing was placed 
on this fill within two years after it was constructed, and 
evidently prior to the time of complete settlement. 

Roughness and waves are in evidence on a number 
of streets laid during the early period of this con- 
struction. Apparently this condition is caused by 
insufficient care in laying the pavement, or insufficient 
rolling of the subgrade. ‘This condition does not exist 
to any extent in work done since 1916. 

Transverse cracks in the pavement laid in 1916, 1917, 
and 1918 are in evidence throughout a large portion 
of the work. These cracks are usually at right angles 
to the center line of roadway. Sometimes they extend 
entirely across the pavement from gutter to gutter, 
and sometimes they extend only a distance of 6 or 8 feet 
each side of the center. Apparently they are caused 
by contraction and do not indicate any serious per- 
manent defect in the wearing qualities. The distance 
between them varies considerably; ordinarily they are 
not less than 30 feet apart. 

One block of surfacing laid in 1919 shows the worst 
cracking of any so far laid. This pavement is so 
badly cracked that it will undoubtedly have to be 
replaced in a very short time. In fact it should be 
replaced this season. This cracking was apparently 
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caused by the pavement being 
mixed with too small a per- 
centage of asphalt. The re- 
sulting mixture was too brittle, 
and severe cracking was evi- 
dent after the first cold weather 
in the fall after the pavement 
was laid. 

One disadvantage in this 
method of constructing pave- 
ments is the high crown which 
very often obtains. This re- 
sult is caused from the desire 
to use all of the old macadam 
possible in the center of the 
road, and the necessity of meet- 
ing the gutter already in place. 
As the macadam has usually 
been given a good crown for 
drainage, the addition of 3 
inches of bituminous pavement 
will as a rule result in 1 or 2 inches of additional crown. | 
This result would be more undesirable in a wet, cold | 
climate than under the climatic conditions usual in | 
Denver. 

Acknowledgment is made to Mr. C. H. Draney, 
superintendent of the paving division of the city and | 
county of Denver, for his courtesy and assistance in 
supplying information and data relative to this work. 


THE PRESIDENT’S MESSAGE ON 
FEDERAL HIGHWAY POLICIES. 


President Harding’s first message to Congress, de- 
livered April 12, contains the following statement 
with regard to Federal participation in highway con- 
struction: 


Transportation over the highways is little less 
important [than railway transportation], but the 
problems relate to construction and development, and 
deserve your most earnest attention, because we are 
laying a foundation for a long time to come, and 
the creation is very difficult to visualize in its great 
. possibilities. 

The highways are not only feeders to the railroads 
and afford relief from local burdens, they are actually 
lines of motor traffic in interstate commerce. They 





are the smaller arteries of the larger portion of our 
commerce, and the motor car has become an indis- 
pensable instrument in our political, social, and 
industrial life. 

There is begun a new era in highway construction, 
the outlay for which runs far into hundreds of mil- 
lions of dollars. Bond issues by road _ districts, | 
counties, and States mount to enormous figures, | 
and the country is facing such an outlay that it is 
vital that every effort shall be directed against wasted 
effort and unjustifiable expenditure. 





| neglect is not universal, but it is very near it. 


| provisions for maintenance. 





LAYING THE SHEET ASPHALT TOPPING. 


The Federal Government can place no inhibition on 
the expenditure in the several States, but since Con- 


_gress has embarked upon a policy of assisting the 
States in highway improvement, wisely, I believe, 


it can assert a wholly becoming influence in shaping 
policy. 

With the principle of Federal participation accept- 
ably established, probably never to be abandoned, it 
is important to exert Federal influence in developing 
comprehensive plans looking to the promotion of 
commerce, and apply our expenditures in the surest 
way to guarantee a public return for money expended. 

Large Federal outlay demands a Federal voice in 
the program of expenditure. Congress can not justify 
a mere gift from the Federal purse to the several 
States, to be prorated among counties for road 
betterment. Such a course will invite abuses which it 
were better to guard against in the beginning. 

The laws governing Federal aid should be amended 
and strengthened. The Federal agency of adminis- 
tration should be elevated to the importance and 
vested with authority comparable to the work before it. 
And Congress ought to prescribe conditions to Federal 
appropriations which will necessitate a consistent 
program of uniformity which will justify the Federal 
outlay. 

I know of nothing more shocking than the millions of 
ublic funds wasted in improved highways; wasted 
ecause there is no policy of maintenance. The 

There 
is nothing the Congress can do more effectively to end 
this shocking waste than condition all Federal aid on 
Highways, no matter 
how generous the outlay for construction, can not 
be maintained without patrol and constant repairs. 
Such conditions insisted upon in the grant of Federal 
aid will safeguard the public which pays and guard the 
Federal Government against political abuses, which 
tend to defeat the very purposes for which we author- 
ize Federal expenditure. 
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SAND AND GRAVEL PRODUCTION 
SURVEY OF TWENTY-TWO STATES. 


By GEORGE E. LADD, Economic Geologist, Bureau of Public Roads. 


ie spite of the fact that the United States has 
under way a vast road-building program, ex- 
cept in very few States no systematic survey of road 
materials has been undertaken. The United States 
Bureau of Public Roads has records of thousands of 
tests of road materials, and State highway organi- 
zations have similar records, for their own territories, 
respectively, but field information is lacking. Test- 
ing records are worthless in themselves unless it is 
known that the sample collected represents an average 
of a workable deposit. The information needed is 
much broader in scope. The highway engineer must 
know where material is available, the nature of the 
occurrence, extent, thickness, accessibility, transpor- 
tation facilities, conditions affecting production—in 
short availability for roads, and the necessary costs 
involved in getting the materials, in desired form and 
condition, to the roads. 

The Dominion of Canada has long conducted syste- 
matic surveys of its road materials. A few of our 
own States are compiling and publishing information 
on this subject, but very little indeed has been done 
in the way of systematic surveys undertaken and con- 
ducted with the needs of the highway engineer in 
mind. The Bureau of Public Roads has carried on 
economic studies of rock excavation and the produc- 
tion of broken stone. It has compiled lists of broken 
stone, and sand and gravel producers in the United 
States, and has assembled all available information 
on the occurrence of road materials from publications 
and records of geological surveys, university geologi- 
cal departments, mining bureaus and State highway 


commissions. 
SURVEY OF 536 PLANTS. 


During the field season of 1920, because of problems 
arising in the administration of the Federal aid road 
act, a survey of producing sand and gravel plants in 
the United States was begun and work was completed 
in 22 States. During the progress of this work, as 
much general information as possible was obtained, 
collaterally, about the distribution and quality of 
sand and gravel deposits in the area covered; and so 
far as possible our list of broken stone producers was 
revised. A detailed study was made of the sand and 
gravel industry as a source of road materials. Ap- 
proximately 1,000 pits and plants were visited in the 
area under consideration. 

The tabulated information which follows pertains 
to 536 plants, at which 13 different methods of excava- 
tion were noted. 


These tables do not include data on molding, glass 
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excavating plants at sand and gravel pits, unless the 
latter have a capacity of at least 300 tons per day. It 
should be borne in mind, therefore, that table No. 2, 
totals the production figures only of the plants under 
consideration in this paper. Many States possess 
widespread gravel deposits of excellent quality which 
occur so generally, and from which material is so readily 


| obtained for local use, that permanent-type plants are 


few in number or entirely absent. This is noticeable 
especially in the New England States, where the 


scarcity of sand and gravel plants of the types included ~ 
in the tables below is not the result of the absence of» 


sand and gravel deposits, but, on the contrary, be- 
cause they may be found wherever need occurs. 

Lest the terms ‘‘wet” and ‘‘dry” as used in the 
following tables be misunderstood, the reader’s atten- 
tion is called to the fact that these terms are used in 
reference to excavating conditions only, and not to 
screening methods. As a matter of fact very few 
plants listed are dry plants in the latter sense. 

When the survey was started car shortage was acute, 
and information on that subject was gathered. Al- 
though there has been a complete reversal of that 
condition within the past few months, results of car 
shortage as they affected this industry are indicated in 
Table No. 2. 


Information obtained by field men on this survey 


was embraced in a questionnaire and instructions which 
covered the following points: Name and address of the 
operator; location of plant; transportation facilities; 
geological occurrence of the deposit ; amount of stripping; 
thickness of deposit where obtainable; thickness worked ; 
kind and character of material; notes on percentage of 
sizes; variations throughout the bed; mechanical 
analysis of the commercial product; uses of the products; 
sand and gravel production for 1919 and 1920; tonnage 
sold for road purposes; daily capacity of plants; length 


| of operating season; effect of car shortage on production; 


sketch of plant arrangement; description of plant and 
method of operation, with flow sheet; kind and amount 
of power used; details of screening operation; storage 
arrangements; labor employed at each unit of operation. 

Many photographs were taken and samples of sand 
products were collected and sent to the bureau labora- 
tory for mechanical analysis and microscopic examina- 
tion. 


FEW COMMERCIAL PLANTS IN NEW ENGLAND. 


In the New England States, Maine, New Hampshire, 
Vermont, Massachusetts, Connecticut, and Rhode Is- 


‘land, glacial gravel and sand beds are widespread. 
or other special sands, crushed sandstone, or hand! They are mostly worked in original deposits, bu 
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stream gravels are used, particularly in Vermont, 
where so many roads are built in the narrow valleys 
of the Green Mountains. 

Clamshell dredges operate from Boston for sea sand, 
and dredging boats sometimes operate from points in 
Maine. For a generation past great quantities of 
sharply angular quartz sand have been taken from the 
harbor at Newburyport, Mass., at the mouth of the 
Merrimac River. Throughout New England local pits 
are worked for road material as needed, and all the 
cities and towns of consequence have sand and gravel 
beds within or near them, from which material is hand 
excavated and used as “bank run,” or as dry screened 
sand and gravel. The total output from such pits is 
large. 

In Maine and New Hampshire, mechanical-power 
excavation is confined to steam shovels. In Massa- 
chusetts and Connecticut steam shovels, derricks, loco- 
motive crane clamshells, and centrifugal pumping are 
the methods used for excavating. At West Peabody, 
Mass., there is a pumping plant which is unique in that 
it delivers its product to the screens by two stages; a 
centrifugal pump on a boat in a pond delivers the 
material by a 12-inch pipe line to a hopper on shore, 
whence it is boosted by another centrifugal pump up 
a 400-foot incline to the top of the screening plant 100 
feet above. 

The States of Vermont and Rhode Island use local- 
type pits only. 

THE MIDDLE ATLANTIC STATES. 

In New York State, most of the plants produce their 
sand and gravel from banks of glacial origin, but 
dredges are operated in Long Island Sound and in the 
Niagara River. The land plants in this State exca- 
vate with steam shovels, mechanical diggers, derricks, 
and locomotive crane clamshells and cableway drag- 
lines. The Niagara River dredges, operating near 
Buffalo, are centrifugal-pump boats and one ladder 
dredge, with gravity screens which separate the sand 
and gravel. The product is brought to yards at Buf- 
falo, where it is unloaded by clamshell cranes. The 
Long Island Sound plants use clamshell dredges, and 
the material is towed to screening and washing plants 
on shore. 

Land plants in New Jersey operate in banks sand 
and gravel by means of steam shovels, mechanical 
diggers, derricks, locomotive crane clamshells and 
cableway draglines, and by pump boats with pipe 
lines which discharge to gravity or cylindrical screen- 
ing plants. Operations in the Delaware River are 
confined to ladder dredges, which work between Phila- 
delphia and Trenton. 

There are many gravel banks in New Jersey which 
are operated by hand, and in which the materia! is 
loaded directly from the bank to wagons, trucks, and 
railroad cars. 


| 








| for excavating from small streams. 


In Pennsylvania, most of the sand and gravel plants 
occur in the glacial deposits of the northern part of 
the State. A few land plants occur elsewhere, in old 
river terraces. Much sand and gravel is also taken 
from the Delaware, Allegheny, Monongahela, Ohio and 
Susquehanna Rivers. In this State, four hand-oper- 
ated plants have a sufficiently large production to 
justify their inclusion in the tables which follow. Of 
the plants which operate by strictly dry excavation 
methods the majority use steam shovels. One loco- 
motive-crane clamshell is in operation and three cable- 
way draglines. Two plants use cableway draglines 
The 20 plants 
obtaining their material from the larger rivers are 
evenly divided between pumping boats and ladder 
dredges. In the Pittshurgh district, ladder dredges 
are used exclusively for river work. Revolving cylin- 
drical screens are used on the dredges and the products 
delivered to barges alongside, the latter being towed 
to yards along the river bank. 

In the Wilhamsport district, centrifugal pump boats 
are used exclusively, all material being otherwise 
handled as in the Pittsburgh district, except that a 
few use gravity screens only. Jn the Philadelphia 
district, both ladder and clamshell dredges are used for 
river work. Material is screened on the dredges and 
delivered by barges to storage yards in Philadelphia 
and other points. There are no pipeline, pump-boat 
plants operating in Pennsylvania. 

The States of Delaware, Maryland, and the District 
of Columbia may be considered together. In this area, 
the sand and gravel is obtained locally, mostly from old 
river terraces and small streams. The Delaware plant 
operates on a large scale, excavating with derrick clam- 
shell, in sand dunes, originating from beaches on the 
Delaware Bay. In Chesapeake Bay and the Potomac 
River, ladder dredges are used. The material is usually 
washed and screened on the boat, and the product 
delivered to barges. Excess sand is discharged from 
the side of the boat. Unloading on shore is done with 
the use of derrick clamshells. Some dredges, however, 
deliver by barge to washing and screening plants on 
shore. Among the inland deposits of sand and gravel, 
other than the sand dunes referred to above, sand and 
gravel deposits, varying in thickness from 12 feet to 30 
feet, are worked by steam shovels and derrick clam- 
shells. 

Some gravel and an abundance of sand, of excellent 
grade, occur in the Cretaceous, Tertiary, and Qua- 
ternary formations on the eastern shore, and in the 
Paleozoic formation of western Maryland. Sand also 
occurs in the tidal streams and estuaries, from which it 
it extensively dredged. A short account of sand and 
gravel in this State may be found in the Maryland 
Geological and Economic Survey, Report of 1908, 
Part II, Volume VIII. 
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VIRGINIA AND WEST VIRGINIA. 


In Virginia, there are 14 sand and gravel producers 
of the class under discussion in this article. Sand and 
gravel deposits may be found along many streams and 
in river terraces. 
dragline excavators—two plants use cableway drag- 
lines and two plants use steam shovels. River and bay 
work is conducted by pumping plants or 
dredges. 


Chesapeake Bay. 
operates from Norfolk, Va., on the James River, and 
at Petersburg, Va., is reported as using ladder type 
dredges in addition to pump boats. Land deposits are 
relatively thin. None of those at present being worked 
exceed 25 feet in thickness. 
posits is therefore relatively expensive. 
the year round in this State. 

In West Virginia, sand and gravel deposits are com- 
paratively scarce. Exclusive of small hand-operated 
pits only six land deposits are worked. Operations at 
these are conducted by derrick clamshells, cableway 
draglines, steam shovels, and horse scrapers. River 
deposits are worked by 14 producers, the operations of 
which are equally divided between centrifugal pumps 
and ladder dredges. Land plants use gravity screens 
only. Ninety-five per cent of the sand! produced in 
West Virginia is dredged from the Ohio and Elk Rivers 
or pumped from smaller streams. The ladder dredges 
on the Ohio and 1k Rivers are equipped with screening 
plants, whence material is towed to shore in barges. 


Plants operate 


It is then delivered to storage piles or hoppers for truck | 
| districts are served through plants on the Mississippi 


and railroad car, loading by clamshells. A few plants 
further subdivide their material by shore screening. 
The stream pumping plants in West Virginia operate 
with 6 and 10 inch centrifugal pumps, some of which 
discharge to barges, and others, by pipe lines, to 
gravity screens on shore. 


OHIO AND INDIANA HAVE MANY LARGE PLANTS. 


In Ohio, sand and gravel beds are widely distributed | 
Forty- | 
| scrapers, 


and, over much of the State, are of glacial origin. 
five land plants are included in the list of this survey. 
Twenty-seven of these are operated by steam shovels. 
There are no mechanical diggers or dragline scrapers in 
operation in the State. 

All other methods of excavation, however, are used, 
there being a greater variety of methods of operation 
found in Ohio than in any other State studied. Large, 
modern-type plants are common. 

Pumping and dredging plants operate in Lake Erie, 
the Ohio River, and in some of the smaller 
of the State. The three types of dredges (ladder, 


dipper, and clamshell) are found in this State. Eight- | 
een plants excavate by centrifugal pumps. Some 





1 Consideration of crushed peace ilies. w aie are numerous in veut West 
Virginia and Pennsylvania, is omitted in this paper. 


Land deposits are mostly worked by | 


ladder | 

These are found on Little River, 12 miles | 
s : \ staat 5‘ 

northeast of Richmond, and on the James River and | western part of the State. 


A Baltimore corporation, which | 


Operation in these de-| 


rivers | 














| shore. 


screening is done immediately on the dredges, but some 
pump boats deliver by pipe lines to screening plants on _ 
On Lake Erie, the method. of operation is 
pumping, the material being delivered to barges. 

The State of Indiana is remarkably well supplied 
with sand and gravel, and commercial, permanent- 
type plants are found in all parts of the State with the 
exception of a portion of its southern extremity, which — 
was unglaciated, and a few counties m the north- 
Southern Indiana is well 
served with these road materials through deposits 
taken from the Ohio and Wabash Rivers. For local 
use in the southern part of the State there are wide- 
spread deposits of stream gravels mixed with iron 
carbonate nodules, which are residual from the decom- 
position of shale and clay strata. Stream gravels 
occur generally over the State, and consist mostly of 
reassorted materials from glacial drift. The sand and 
eravel land plants in this State number 52. The ma- 
jority of these excavate with cableway draglines and 
steam shovels; a few use the dragline excavators; and 
a few others derrick and locomotive-crane clamshells. 
Excavation from the Wabash and Ohio Rivers is ac- 
complished almost entirely by centrifugal pumps. No 
ladder dredges are used, and only one clamshell dredge. 
Hydraulic stripping was noted at a number of plants 
in Indiana. The operating season varies from 7 to 10 
months. In 1905 the Geological Survey of Indiana 
published an exhaustive report on the occurrence and 
distribution of road materials in the State. 

In Illinois, gravel deposits are scaree in the central, 
eastern, and southern portions of the State, and these 


River, at the mouth of ie Ohio River, and on the 
Wabash River. This statement, while true in general, 
applies specifically to deposits suitable for commercial 
development on a large scale. There are 55 permanent- 
type sand and gravel plants in Illinois. Of these, 32 
are land plants, 5 of which operate by dragline method 
below water level. Sixteen of this class of plants exca- 
vate by steam shovels; two use mechanical diggers, 
while others use dragline cableways, excavators, and 
and both derrick and locomotive crane 
clamshells. 

The State highway department of this State has 
published, in its Bulletin No. 14, a report on ‘“ Materials 
Available for Highway Construction in Illinois.” The 
Illinois Sand and Gravel Producers Association has a 
comprehensive report on the sands and gravels of the 


| State, which is known as “General Letter No. 24.” 


MICHIGAN’S GLACIAL GRAVELS INEXHAUSTIBLE. 


Michigan, like New England, has an apparently inex- 
haustible supply of glacial gravels, occurring in the 
form of ridges, known as ‘“‘hog-backs”’ and eskers, in 
irregular hills called “kames” and in outwash plains 
and deltas. There are enormous deposits of gravels 
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also in the old beach ridges in Presque Isle and Alpena 
Counties, bordering on Lake Huron. The latter 
gravels, however, are chiefly of limestone and of low 
grade. Sand and gravel plants occur wherever there 
is demand for material. Most of them are in the 
southern half of the State. There are 57 plants in 
Michigan, two of which use more than one method of 
excavation; 50 of these are dry land plants. The 
steam shovel and cableway dragline methods of ex- 
cavation prevail. -One plant uses a dragline scraper; 
six, dragline excavators; seven, locomotive-crane clam- 
shells; and three, derrick clamshells. In this State, 
many of the plants using cableway dragline excavators 
deliver to a stock pile over a tunnel which feeds to 
conveyer belts leading to screens. Of the seven dis- 
tinctly wet-class plants in Michigan, one should per- 
haps be included in the class of land plants, as its opera- 
tions are in a glacial deposit, and the sand and gravel 
is pumped through a 15-inch pipe line from an artificial 
lake. This plant is operated as is one, described above, 
in Massachusetts. At the Michigan plant material is 
picked up in the lake by a centrifugal pump, which is 
driven by a 400-horsepower electric motor. It is 
then conducted 300 feet through a 15-inch pipe line laid 
on pontoons. A booster pump on shore delivers the 
material up a 200-foot incline of 20° to screens. 

In the St. Clair, Detroit, and St. Joe Rivers and 
Lakes St. Clair and Erie, operators excavate sand and 
gravel by means of clamshell dredges and centrifugal 
pumps. In this State, the stripping is comparatively 
thin and at most plants the overburden is carried, to 
the plants, and eliminated by washing. The operating 
season varies from 75 to 250 days per year. 

An account of the road materials of Michigan may be 
found in publication No. 27, Geological Series No. 22, 
of the Michigan Geological and Biological Survey for 
1917 and prior years. 


WISCONSIN WELL SUPPLIED. 


Few States have a greater abundance of road material 
than has Wisconsin. Suitable materials are found in 
nearly every county. The southwestern quarter of 
the State is free from “drift.”” Elsewhere glacial sand 
and gravels arecommon. <A great majority of the pro- 
ducing plants are located in the southeastern quarter. 
Thirty-one permanent-type sand and gravel producers 
operate in this State. One of these, only, produces 
from Lake Superior. This company excavates with 
clamshell dredges and occasionally takes gravel from 
beaches, bringing the material within reach of the 
clamshell by means of dragline scrapers. One plant 
operates a centrifugal pump boat in an artificial lake, 
At this plant the material is delivered through a 10- 
inch pipe line to a settling pit, whence it is loaded 
direct to cars, without screening, by clamshell. Eleven 
land plants excavate with steam shovels and eight 
with cableway draglines. Derrick clamshells, dragline 











excavators, and scrapers are also used. In Wisconsin 
mechanical diggers are more extensively used than in 
any other State. The latter may be seen to good 
advantage at Janesville, where they are operated by 
electric power and deliver to conveyor belts from high 
banks of loose material—favorable conditions for these 
machines. 

The Wisconsin deposits are especially free from 
clay, but in the Janesville district the overburden 
reaches a thickness of 6 feet. In other districts the 
amount of stripping is small. 

Local pits supply road material in many parts of 
the State. A number of counties in Wisconsin own 
and operate sand and gravel plants. 

The Wisconsin Geological and Natural History 
Survey has published a report on the natural road 
materials of Wisconsin. There is little reference to 
sand and gravel although the distribution of glacial 
drift is discussed and outlined by map. 

Glacial drift covering Minnesota provides sand and 
gravel as needed. Most of the large producing plants 
are in the southeastern quarter of the State, and, 
naturally, many of these are grouped about the large 
centers of population at St. Paul and Minneapolis. 
A large number of plants in this State excavate with 
steam shovels and dragline cableways; others use 
mechanical diggers, derrick clamshells, dragline exca- 
vators and scrapers. Five plants excavate with 
centrifugal pumps. One company operates on the 
Mississippi River and another on the Minnesota River. 
The other three excavate from ponds located in glacial 
beds of sand and gravel. On Lake Superior, one 
company operates by pulling the material from beaches 
by means of steel scrapers. It is then picked up by 
clamshell dredges and transferred to barges. One 
company in the State uses bull jigs to separate shale 
from the gravel. 

South Dakota commercial plants are but three in 
number, and are located near the eastern edge of the 
State. Data for our tables was therefore gathered 
by side trips from Minnesota. Methods of excava- 
tion were found to be cableway dragline, dragline 
excavator and steam shovel. Conditions in the rest 
of the State were not investigated. 





IOWA IS COVERED WITH GLACIAL DRIFT. 


Iowa is covered with glacial drift except for a small 
area in the northeastern part of the State, bordering 
the Mississippi River; consequently sand and gravels 
abound and are found, suitable for road work, in three- 
quarters of the counties of the State. In some coun- 
ties the quantity is insufficient for more than the main 
roads, and the principal supply must be obtained from 
the larger streams or from terraces. River terrace 


| gravels are of most importance along the streams flow- 


the north-central 
in these terrace 


ing from the Wisconsin drift area in 
part of the State. Important pits 


i 16 


gravels are at Mason City, Iowa Falls, Gifford, Bel- 
mond, Clemons, Des Moines, Grand Junction, Lake 
View, Spencer, Cherokee, Emmettsburg, and Estherville. 
Gravel hillocks and knobs, known as kames, are abund- 
ant in north-central Iowa. Several counties contain 
gravel plains of under-stream and outwash origin. 
The kame gravels contain considerable clay, and —e 
ing is necessary. 

Among the land plants it is worthy of note that 12 
cableway draglines are found and but 4 steam shovels. 
Two plants excavating by means of horse scrapers are 
included in our statistical tables because of the amount 
of their production. Four companies operate dragline 
scrapers; three, locomotive-crane clamshells, and one, 
derrick clamshell. The sand and gravel industry in 
Iowa is exceptional in that a large majority of the 
plants excavate by means of pumps. Forty-three com- 
panies use this method. There are a few large pump- 
ing plants which operate in artificial ponds in sand 
and gravel deposits. The majority of them, however, 
take their material from the Mississippi and Des Moines 
Rivers and some of the smaller streams. 

The Iowa Geological Survey in volume 24, Annual 
Report, published a comprehensive account of the 
road materials of the State. 


Kentucky, as compared ‘with the States over which 
glacial drift is deposited, is greatly lacking in sand and 
gravel deposits. The Ohio River, however, is a source 
of supply for shipping purposes, and nearly all of the 
permanent-type plants of the State are located along 
this river. Many pits for local use occur in stream 
deposits over the State. Some of the deposits worked 
near Louisville and Ludlow may be of glacial origin, as 
a point of glacial drift penetrates a short distance into 
the State at this point. Some material is taken from 
the bed of the Kentucky River by pump dredges, and 
some from the old terraces along this stream. Ten- 
nessee River terraces furnish an abundance of coarse 
gravel as wellassand. Such a deposit has been worked 
up to a thickness of 50 feet, the total thickness being 
undetermined. Three companies in Kentucky exca- 
vate with steam shovels; one, with dragline excavator; 
seven, with centrifugal pumps; and one, with clamshell 
dredge. The river pumping plants clean and size the 
material on dredge boats, whence it is delivered by 
chute to barges, and finally unloaded on shore by clam- 
shell or cableway dragline. The river pumping plants 
in this State operate about eight months in the year, 
while land plants occasionally operate throughout the 
year. 


TABLE 1.—Permanent-type commercial sand and gravel plants.’ 


MAINE. 


Name of producer. Office address. 





AMP OT MC nec esele ce cyelese c= 21m ds 
| RonilandyiMere. ......2-08c0sse5 


BaneornCastramne Cl. 25 cen see en c= 2 clsmiaeaacs - 
Maine Crushed Rock & Gravel Co.................- 








Location of plant. Method of excavation. 


Bast ies Me 
Leeds, Me 








Be ote Dry; steam shovel. 
Do. 





NEW HAMPSHIRE. 


Standard Sand & uravel Co 


| Portland, Me 








as steam shovel. 





MASSACHUSETTS. 





| 
Wilbraham, Mass 
v0. Mass 


cere 


Bernie Sand & Gravel Co 
Boston Sand & Gravel Co 


10.0), Sea reer oeetoeescooscceconcnnad 
Connolly Co 
Highland Sand & Gravel Co 
John C. Kelly & Co 
Massachusetts Sand & Gravel Co 
edd es OF ee 


Se ee ee ee ees i? 60 Peri 


ee Upper Falls, Mass 
Boston, Mass 


‘West eee OS 














Wilbraham, Mass. ........-.s- 


Dry; steam shovel. 


Scituate, Mette... ..s.cocce- Do 
Greenbush, LY Sa aries Do. 
Topsfield, Mass............-000- Do. 
West Roxbury, IMG@SS\.,. 23:5 25558 Do. 
pore d0.....-...---.0-------.---.| Dry; legamotive craneielamshell: 


Newton Upper Falls, Mass 


Dry; derrick clamshell. 
Wellesley, Mass 


Dry; locomotive crane clamshell. 


Watertown, Massi..-.......... 8 Do. 
West Peabody; Mass........ <0.. , Wet; pump. 
Walpole Heights IMQSSE:: occ cane Dry; dragline excavator. 


West Roxbury, Mass Drv; locomotive crane clamshell. 








CONNECTICUT. 








Atlas Sand & Gravel Co 
SCAU MTEC OR aa oS wo age See oo ee os se ss. oe 
Bridgeport Sand & Gravel Co 
i hey]? 15 2) Cena ee ee eRe Sy te a 
RAG coc asi 3iaycin malas om ws sic = lateee beens 
New London Sand & Stone Co..................--- 
Wede W. Sandyd& Gravel Co. .........22.22-0-0-0-- | 


\ lca COBN S222 secs Bel 
Torrington, (C1 ee A zal 
| Bridgeport, Conn......-........ 
New London, Conn............- 
Ansonia, Conn 








Dry; steam shovel. 
Wet; clamshell dredge. 
Dry; derrick clamshell. 
Dry; dragline excavator. 
Wet; dragline excavator. 
Dry; dragline excavator. 
Dry; locomotive crane clamshell. 


— Conn 
Torrington, Conn 

Turnbull, Conn -......25-....-22 
Massapeag, Conn 
Seymour, Conn.. 





1 A few plants are included which, although not having a permanent type of plant, produce 300 tons or more daily. 
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TABLE 1.—-Permanent-type commercial sand and gravel plants—Continued. 

































































NEW YORK. 

Name of producer. Office address. Location of plant. Method of excavation. 
Wilegnenyysande& Grawel Co:.......92...-..-...-.-- teri Neeyee- 25... ---- Lees WOU San INS Cae ee Dry; steam shovel. 
ANDERS SS SING GOT 0 1k 07: th a ee aaa ra Nig eee eee Wilhlamsville, N. Y.......-....- Do 
Es titia) omamavel Cor poration:.....-......------....--[....- COMIN cee cde nee TBSuyl ve), Js. 1 eee eee eee | Wet; pump and ladder dredge. 
dlc JES CEN ETOT SS T%6 Uk G10: a |r GC... a ores oe | Attica, Perec... Dry; locomotive crane clamshell. 
Darwin Springs Sand & Gravel Co...........-...-- Sa) aos IN) (a rr Darwin Springs, N. Y........... Dry: derrick clamshell. 
0 EO TST Oe eS Mechanicsville, N. Y........-.-. Wallow GrovewN: ¥...5........ | Dry; locomotive crane clamshell. 
Wradmeks sand & Gravel Co.........-..........208 iSiy SN 5 JENS, IN ie ae Dry: steam shovel. 
Goodwin-Gallagher Sand & Gravel Co...........--. New York ay 2 aS eee New York City................. “Do. 

IMIMINO ECM BGre | eee. 2. een ce eee SchemectadyayN: Y......-..--.-- | SE OSS) No a aGee ese Wet; pump. 
Fe oO CU Ce TOISAS 00,5 OY Fishers, N. Y Dry; derrick clamshell. 
[Blo Se (NGO HSMM O DINGY mecec cc ccc -cct ee Buffalo, N. Y. Wet; pump. 
Maghinshsamdini: Gravel GO..........00...2.2cseecce[ene ee OD). 3, ono CEOS Ee aren Machias, N. Y Dry; cableway dragline. 
Manlberotsmwd «& GrewellCo..................-.---- New York (CHOY 5 ai ee ener Marlboro, N.Y Dry; steam shovel. 
ENAPREEN coil hls Coo oC a | 6 (0 Roslyn, Long io Do 
Niagasaisand!Corporation..............-.....+--+-- Hiiitald) BNI coc Sicroeisisicic a+ cco Wiialp ON We... - ec nas | Wet; pump. 
CalmG@onnersisand! COs. -<. 0... 00-222 e cece sees ecees GRMN XO ncn w ccc cccccee ue Gale @orners) Ni Yo...2..2-22-2.- | Dry; mechanieal digger. 
Remmebesiveltsand Co......-....-----------.--- ae Rrechesten N.Y... ....2c2..2-.- FENRIS I's, A eee Dry; derrick clamshell. 
Wie CO HM belnee Ni G2 ecco c eset o.oo POWDER Nis Nic. ce ce-te<- +s Dry: steam shovel. 
SWOUUSHIINOMATICUG@O.. eee ec ess eceesesce ScottswilleyN. Y.....:..:..-.---| Bealisvillen NW. ..c.cess sees ne 0. 
Henry Steers Sand & Gravel Co.............-...--. INGH York City... ..0-0...5.065- INOEEINDOMs Ne M222 eos ccc ec own Wet; clamshell dredge. 
NEW JERSEY. 
JNbig2toit) SECU C0) ease oe eee ee ee NBAINSGCOMMINGMIE ....<<5aeeles.c <2 ASeGoneeNew ie... Me... 
Allpvomoceand Co....-.......-- De ce ae ee Wed wills dN i dlegeeenecee sseeaeee ey ardville, IN Fg oe gee wane ‘ae derrick clamshell. 
— UR VEL CO, ei oa ‘spring Walee, N.J...-...:--...-- [eAdilenwiGods Ndi s-cses ccc c-cs sss Dry; steam shovel. 
ser en boo OE SBEAAELE ROO REE Cee SoS Sere En aaeee aoe Go), MONS. do doasnee se eeeeeee ' Farmingdale, INS. henciecige on oC eee Do. 

: Guath ay OL (CO OE eo ic en wee M@ADEMMIEAING Ui s.c.....s2ccen-cs-5e m@ancaltivaeNicis. 2 octcsos onc. - | Do. 
Co WW oie 2 LOS a i nner INGE YEOH CHIN Sey eee nae “Soubheamboye Ne dics. .25 0 5sscce Do. 
Delaware River Sand & Dredging Co..-..........-.- OndenuowiiiNe deen eeeee sos. Bordentown, N.J........-.----. ' Wet; ladder dredge. 
fis WM a IDOI E62 ee Downer, N. J Be ee cs eS ' Downer, N. (ete Dry; steam shovel. 
IDsoniied, (QO) Ae (CO Aen 5 oo cee oe eee Philadelphia, [EL Se ir Mialtville. Neots e.. 2.5 2. a | Do. 
Hemeaponmlininerc Dranepontation Co. .....-----|o00--G0.. s.....s02022-2----0e- nee » Bridgphono; Mis) on coonCeReeeees Do. 

IQ). oop AS BBs coc coo see HeBUEBEBNec socom bes ceard|=.5° Wk Goaohcesne qe ese neeaeeeee. oo - 720 iin ne seen eer see eeete Wet; ladder dredge. 
dsl Gta TELCO ECN) . SRE eer ease Sianho (Gy Wiodiewon cee Seneca r | Near nets oug, N.J.. a Dry; derrick clamshell. 
Jigen o0%s] Biol (CCL sae Sea South Lakewood, N.J.......... South Lakewood, N. Dry; mechanical digger. 
Menantico Sand «& Gravel Co......-.. Millville, N. J seMEHaTLICOM Nd) «20 5c0 nose se ees “| Wet; pump. 

VWalligmmC@r MOOLC. -. .wne------0050- Tuckahoe, N. J... jbnekanoe en. Wie... occecesees Dry: steam shovel. 
Morris County Crushed Stone Co | Morristown, N. J * NOERIShO ME Neil) = <<-.1aejaneeo-+< Do. 

New Jersey Sand « Gravel Co..............-.2-+-2- Yardville, N. J BAT Cival lOve eae eee oo = « Dey; derrick clamshell. 
AVIORCHOSSHCEMINCHONUITICS. 0.0.20. 0ccrccenectsceceseseae Philadelphia, Pa | Birminghampene We ..5. 22.2... <.2 | Dry; steam shovel. 

IO), .. « SSORWOBRINE.. o ope asses Aadh obs anceeneeeeme pod eee) ‘ South Pemberton, N.J......... | Wet; locomotive crane clamshell. 

TRIG LaViP 159208 GING d OS UBB Oe Seer e eee eee Sticeasunna, IN] RARE eae Suceasunna, N. J..........-...-- | Wet: pump. 
Boe Oi 180/57) Se Oa eee eae = Ievahaill, lsd) 2 Ge eeCe eee eee ee ae COR paeee ee fat renes oer ce | Do. 

MINN coos wic Sie a acockeeabiealee nas do.. >: ec eee [Grell ING, U) oe eee eee gaa Do. 
Ale M. Stokes Pe NN eee csc vias <scieaeicisime'siale IRANCOGAS NEE ets cs seco RAM COGHS ING eco. -5.cmjececiea ic | Dry; steam shovel. 
Gib sy ddUNE) p00 Ot Co IMOEISTOWIP IN id's on. secs -scenx = Suuceasunina, Ni fs.-..0..cseeecee | Wet; pump. 
Wemmenmcanc On GTaVel CO. ......5..06csccescecees IDE CH Osy, See Sea Re Rear | Canpembtersvilles IN: Jo222 2222... Dry; cableway dragline. 

PENNSYLVANIA 

Signor Sita (CO). 0 Roe ese IBC Cty 11 ee Bevel me Barna. ./jcc22 asco. sees Dry; cableway dragline. 
GramononsanGdinGraveliCO:........---sscesccceeee IVISHIG Nir UU Ss. ete ee eee Mend wiles awan .....- cesenceeet Dry; locomotive crane clamshell. 
CuniiesHallisandiasGraveliCo......-..---------+-.. Morrisy ille, MRS ee Ree yn Be cera NGmrisnille tea sete cs .osccss.- nen Dry; steam shovel. 
din Uc, IDSC oie! 62 12370 JENS Oye O, Let ee ees eee Rivers near PiGpSOUnGils cs... 2-22 Wet; ladder dredge. 
Wiig kiomal & Cu CCleaner INDIO BLM ce acc fesse cioanssc cas LOSTTS) 12) ee 36 oe, I Wet; aoe. 
NUR aCHMMTIORG SANGICO.......--2--------02-0--50e00 Linden, eee. :. 2 See eri ets Linden, 12.5), UB aie ie eerie. 
Griff Construction Co. ...... eee ate faete o.e/arsie Rosia iD), > Re neta LBVHIG) VEE Aeae one 5 eee eee Dry; ee ay dragline. 
Wg, Gullide SpinGl Ch Lime guile, | 2h aaa eee [Mew Id pewedes.....----.--.-- Dry; steam shovel. 
inna Sania! (CC er Bamgar, P2......-=< Dama ae erits Mount Bethell) Pa.............-. Do. 
ThamnCiiny S06 | (00. ae set: sniile 12 Se See rere n Rivers near Pittsburgh Bee eres Wet; ladder dredge. 
Keystone Sand & Supply Co..................-----|-...-d0............ Hardee ene Near Neville Island, Pa........- Do 
KOI esi gh 20 i rs Warren, PGs o2ooneppogecsnoesaes Vet MGI ee tates ses (cinies «ie = - <= Wet; cableway dragline. 
Teele Sia? SEC) Ci (2); Col <1 NO 8 ea INonunplast hae... 2: csccss- +5. Wet; pump. 
Moy conmnpneiicnoand CO.............-.-2..-..02+-- WaiehPa.........---.-.---- Wariield Oe ai a\..2 1 =ocia- = 2c Dry; steam shovel. 
MGM COL... 2-.-2.....---.------ ene e ee eee Point Marion, [Mer aranpnaneaee RoumigMiarion, Pao 22.c se... 26 Wet; pump. 
WCE SG CO). see MIGUSIOMBIGAE.... . cinch cise <> == Maas lomisdeeriens = sc sanemmec cis Dry; hand. 
INV OME JES Ca (Ce JON Pe AEB eR BABE Oa0os so cpeeene Hainview), Pak. ..-...-..-2-+--ss Dry; steam shovel. 
Olmioelyimenimandi@o.................-.--...-------- Pitisbungh, Pa....... eee orcs ais Rivers near Pittsburgh..........- Wet; ladder dredge. 
Pematsaird "Gravel ©o...............-.-....---06- Philadelphia, Pav. ..0.--------= Wihealstieaie Par... 2: cee... Dry; steam shovel. 
Piptsbungh Sand & Supply Co.....-...-.....------- 100 [EES Oe anes ae oes Be sh0C J 1, Oe eee eee Wet; ladder dredge. 
Boing Miarlomimand Cor-..........---...-.0-20--.005 elie WARIGiep as... 22... ----- PointiMarnion) Pac. .2...2---5: Wet; pump. 
Weaker Oli; neg CO... 2... 2c eee ee eee ee cee eee PAGES BMU EN, POR. seme: sles West Elwood Junce., Pa......... Wet; ladder dredge. 
Ie ooleae S200) (CG) 6 eee re O10) ccs Go R ISOC ERG ACBCESOTS Rivers near Pittsburgh.......... Do 
Sey: See Wa ee i: (Cr WiawerlivseN., Yess cc -n acc eaccces SHG det! Se a re Sr Dry; steam shovel. 
RICO COM 5 ME 5S 2lare cls seins eeicieisisieinee ee ed VP 0 1 ee ee orien, Wet 22. cn ac eee setae - Do 
Ei “aes SMMRCL HOM. 25 once cepa nos ne aie>. ose Northumberland, le eee BoBeeEon Northumberland, Pa............ Wet; pump. 

da o> Rr one a5 Sere (Pree 6) Se oc lc Peers) ia LEA ISTO" 121 eS a er Do 
D.N. bie midi Gnawel CO... 2... s2.------ Walliamsport wPa.-.22...--2.---- Williamsport, Pa......-.-.-..--- Do. 
Winiivedtleeste@oal/Co...2:.. 2c... 2.22 eee ee eae ee Hamrisbuney Pas... 5. c2-- sss se: Higtnigbwna@Ger.. 2... c6- 5.2 se Do. 
Win EC New Castle; Pa.-.........-- ees | News Castlen Pas. .........-.--... Dry; steam shovel. 
Wiealeim@ootdeamoupply CO........------------------ ams, ave. sc. e es  = BaTneesus, Path... 5.250-625225 Wet; ladder dredge. 
Siemmeowomimonnid CO.......-....-.-------2---e------ Lo) gig Patt epee nos... Philadelpttia, Pa...............- Do. 
@hanles Warner Co...................-- es: | OMe. |. case Ce oes ceio's aco apres CL Oe ieraa sR wo oaeie ec Wet; ladder and dipper dredge. 
iWweened Sand & Gravel Co.......................-- ree aio? DE a pean ee eee Mount Bethel, Pa.............. Dry; steam shovel. 
Vi Ge Nee" 9 re <a. -2| WRONBe Bar... 0 ..c2-ceccenss Mead willie? Pam 2.2... -.- 22-26. 5: Dry; hand. 
Wayne Semaivt PeSamOWWORIKS.........-.-0-----+- AMICI Alters... 220 BGs eerste ae PATTI Gc eee ron ter Do 
Waeermonamchionnd Co........2:-..-.-------..e0eee- Diiberstown, Pas. ......2:.5--..- Dwborstowny Pas... ...2..-...-.. Wet; pump. 
Willismsport Sand & Grawel Co.............-.....- Williamsport, Pa.......2.-----.- Williamsport; Pa...........---.- Wet; cableway dragline. 
Wyoming Clear Sand «& Gravel Co.............-..- Wiemann When... 2cccccees- | Wyoming Pomey. oe... Dry; hand. 
Wyong Sand 4 Stone Co..................-.-.-- Wilkes=Bamntey Bag. 2 2-.5-5- | W yoatiiiia, Pag -.. 2... 2.cce eee Dry; steam shovel. 





18 


TABLE 1.—Permanent-type commercial sand and gravel plants—Continued. 


DELAWARE. 








Name of producer. Office address. Location of plant. Method of excavation. 





Wavasersan dire... . cose nseme paerie = cise times see ae heweatDely.<6s.c000ce een cones ihewest Dele... co... 02... cc. eeeees Dry; derrick clamshell. 








MARYLAND AND DISTRICT OF COLUMBIA. 
















































































Antundel Conpopasiipiiie.. .2222......2--.6 2. 2beesceeee BaltimoreaMd!:.- .. cee. -<s:c2 Mid orem... 2 eee Wet; ladder dredge. 
Builders Supply Co....5-2-- 2.00. -% os Soe cere Cumberland) Md......22--.-.-.- Crmbenlands Md. ...- 2... .2c00- Dry; steam shovel. 
Charleston Sand & Stone Corporation Event WME. 2 55 osc eee cis North Bast, Md... .....sese0sses. Do. | 
PUR n@ lack esam leon a. «aoc goede s sce Severn, Md. .........- eee nee SOwenrnyidic es sh eee «oa .o.c.0 ca Dry; derrick clamshell. 
Columbia Granite & Dredging Co.............-.--- Washington, D.C.....5....-..05 | Potomac River near Washington| Wet; ladder dredge. 
EMM Goodersand & Graweli@o..(.- 22 eecr- -- +228 Havre de Grace, Md............. | Charlestown, Md................ Dry; steam shovel. 
lagi: SMOOE cee 2.5 6. os oe ene eee oe Oo oe eee Pa Washington, DICT... 5.se:2.ce | River near Washington......... Wet; ladder dredge. 
VIRGINIA. 

AtmuaaLe | CORPONBBION 2 oe 6 sec oc oni eeleatee isis sialon ela Baltimore Md>...--.-. <2. .cccer Peters QUrewWel <<. si secescce ces Wet; pump. 

"DQ... + + 0.» aihis's sale S/alasave wale otra eee Selo ae eee COs cece See ee eee Occ Norfolk Ware... scccc cscs sccecn Do. 
UNidlenntres sia CO: v5.0, crea cietete reine ie tee erie certcee INIORIOUK RVs a. oc esc ate rete Miamersoil, Vids... 2 .0-< cases Dry; cablew ay drag line. 
Jc Vi BGS On C.— panegee oe eee rere ial arc nats Sra lerasicl= Set Hampton, YC Se ec Hamiptonp Vide. See. 5 ccc cc cc cs Wet; pump. 
Digge Sand & GraweliGo..cs ss tonccccccestsce caves ce Betersburg, Vial... .-...-.c0cseer Prince George County, Va...... Dry: drag-line excavator. 
Highland Park Sand & Gravel Co......... ese FVICHiMOMG Vik 2.2222 2< sos meee Riehimond ) Was... nnccc.ccecs ooce Dry; steam shovel. 
James River Sand & Gravel Co...................-. Petersburg, AVieh ats tclarstsia) sas 2 ate eee Chesterfield County, Va......... Wet and dry; cableway drag line. 
J.C. Jonessand Co... 4 ceeeere as cee coset esce cccue NiOnfollc Maw... sus0+ se sc. cee sce 14 miles east of Norfolk, Va..... Dry; steam shovel. 
Massaponax Sand & Gravel Co......--..----------- Fredericksburg, Wales iano ee Massaponax, Va Dry; lode excavator. 
Neomaene COM illen: (lin. ). Jeera «can eens csicieine coe Riehmondy Vide =... .j.-5is 00 08 Little River, Va. Wet; ac 
Old Dominion Sand dGrawel Go..........-...--.--|---<- Ors Seen cines scene denne Pebens bugs Was oo... - 2 aces = acs i: Soe = excavator. 
Petersburg Sand & Gravel Corporation...........-. (Rebensuney Wate...) cseetetioss =:~ oe Across river from Petersburg... 
Sotithern Sarid & Gravel Co... 2... c2.c.cc..e- cece Richmond) Viag ........c0.6 02.000 Massapondss Vier. ...282..-25.-.< 

WEST VIRGINIA. 

MT MS iRON ETS Om Gl C Ome ..2 9 oe eee eee eee Whasligags IW). Vig ere ccc Wiheelingt WieiV a. 2 ccsacecc ence Wet; ladder dredge. 
‘Brineeport wallltPlastemGors.. .......2eee see +c Sac o22 Peet OOns ane iaaeer Sone Rene aoe | Wheeling Island, W. Va........ Wet; pump. 
G@onennsemid OO... 5 carseat An ein aerate ae Nast Nit lietitles WEPV amt... | New Martinsville, W. Va....... Wet; ee iow dredge. 
Gypuotal Said Cove. aces. os ieee sree eee eee Moundsville, W. ta ee Chestnut Hill, W. Va........-.. Dry: derrick clamshell. 
Deckers Creek Stone & Sand Co...... eee cee Morgantown, W. Va..-.......... SUMMON, Wis Viaawc.cecees se eee Dry; steam shovel. 
Kentucky & Ohio Transportation Co_.........-.... Cerraltonwhsyes.-. 2522 seae- ee Huntington, Wi. Va.-..-.2.....- Wet; 7a. 
Inomealisend: Cox. .2 mite 0 ss s-6 5 os eee eee ERETNUON, Vi Niele. «crise cle eae bavalettowW. Viaiic..-...5.050<8 
New Martinsville Sand Co..............sceeeene+--5 New Martinsville, W. Va....... New Martinsville, W. Va Wets jedtibe dredge. : = 
Migtandsv ile Sand (Con... Jcccce.s eastern ones Moundsville, W. Va...........-. Moundsville, W. Va............ Al Dry: cableway drag line. 
Ohio" Vinlley¢Sand deSlagi@ore.. - =. 2 cme ew. oe leer (OEE sso icaneoce Chestimmt, Hill) W. Va-...--:.-22 Dry; derrick clamshell. 
Parkersburg Builders Material Co.................. Parkersburg, W. Va.....-.. += 2e/el|| SPARMOPSDUERe Wie. Viacctrsc eclsine ere Dry; horse scraper. 
Pigisers janeimemd C0. <2. 2 tae. esac es coe steed ios sae |S OT, Re rer Sareea ios. G0 reac. cccnce acces ceca Wet; ladder dredge. 
HPmanel Sen SeRMRDIT CO: 2 csicreteraye'x a= + ata oa emlateee esis cee Charleston; Wi Va«r....-...-.-0 Charleston, W. Va....--.. 046256 Do. 
inllse Pig Samim Cos. 2/2 eeseae 2s. etinse cee sees Proctor, “ee WrollsyRithaWr Via... --..-.cace Dry; derrick clamshell. 
ication ImiUhmeRs! CO Sema errens dacs cgge sce ciseines oo ee Boimiseleasant; W. Ve......2.25 Point Pleasant, WEAV Go sinc soa Wet; hada and dipper dredge. 
West Virginia Sand deGravel\Co...............--.- Charleston, W. Va...-......--2- Rivers near Charleston.......... bane dder dredge. 
iWiheoling WallsPlasteniCovre 2... ..scccsese-s ce Wihoeelitig, Wi..Viae..--......00ce Wriheeliinges We, Wane oes cc. 2 cence 
Wilsdt Sand d: Gravel Co... ... 2.2 ..06c0c0. cece eeee Ptitingten, WV a....2.25..225 Fork of Coals; W. Vase.--........ Wet: ; pump. 

10) eee 22 eae =F Safa ims) 52’ ote stevens fell ee (LO - ete, CR 5 oc eos See Huntington, WiWae:......scee. 
eMC NOEMGA@O:. ...- 2.2 noe ees sic dvs cate sisi oc oe eee St. AlbansiW). Waee <..2.<<00.c0 Forkvof'Coals, W. Va.--....:.-.< De 

OHIO 
Aeme Coal & Builders Supply Co................28 holeda; Oligeee.... .2.naeeeemeces River near Toledo, Ohio........ Wet; pump. 
AinonmeSandsdaGraveli@Qeucd 2.2... 2. cncece--n058 | Ao, (ONS). coougeedesonuansoos Akron LOTTO weer sae eee = Dy sional shovel. 
The Barnes Sand & Gravel’Co............2.05.008 Piketon, Ohio Near Wakefield, (Oy eereceasoe 
Onis. Barber Concreve Cos... 0... soe cece cc cast Barberton, Ohio Barberton, (TRE Sacer es eae Not operating 1920. 
(NORE 2 2a see 68 oe Sai e, Springfield yOhio... ....2..05...02 S ringfield, ONO Sey eniiers ee ove Dry; horse scraper. 
Buckeye Sand & Gravel Co...........---+--2--.--- Cineitiaet, (Ohio... 2.0.22... 00. ageman Wriow 2s hee Dry; cableway dragline. 
Central Gravel & Sand Co..... sascamitecencaascresieg Dayton, a ae Dag FonmOMiOue acme sea2- ener Dry; steam shoveland cableway dragline. 
Nile AE OR UE): 11, a a orate ne Clint | Cleveland, Ohio..........-...-.. WHLlOW, OWIO........cc0-cccccce Wet; pump 
Chilltenthe: Sand & Gravel Co. - 00.0020... cc00ce08 Chillicothe, (CU OTe Agee Chillicothe, ObiOw. 25225026 ..2568 Dry; faaml ‘shovel. 
Cleveland Builders Supply & Brick Co............. Cleveland, ) a: he Aurora, 5 Sa Ww ‘ men. 
Jolimmbus Sand & Gravel Co_........cc..ccseccceee Columbus, Ohio. .....-2-.-...-- ColumibwsgOniogs 2... .-..2-..2- 

Comaneie MotoniaisiCome......--.....a20c0es4.0.... dee CC eS SoA Seeman «| Kee. Cee titew ene. cngeetens = Ww *- fai dry; dipper dredge and steam shovel. 
ERORMUNCLONG MBI... oo. o:0/0e esa sine urea eee one -c- ee Bellair, Ohi0W.... 0. 0 cco ees ae Winding HillfOhie............4 Dry; dragline excavator. 
Dayton Sand & Gravel Co.............. errr ree: Dayton, OMIOR.. 3. = =seeeeere ee Dayton or re ren: Wet; cableway dragline. 
G. R. Deming Sand & Gravel Co WENO UEY, AOC coeeepconscodanac Rossville, (CONOR Eee aon ace Dry; hand. 
Diamond Sand & Gravel Co.........-.. dediond ORME .......24e0.e<. sn Garfield Heights Ohio Dry; locomotive crane clamshell. 
Do Ville Lake Sand & Gravel Co | Toledo, iN. ee, oe Maumee River, Toledo, Ohio ...| Wet; pump. 
Herron tise ee Gnawell Cow... 2 ..5.2525 cece sn<nae Chillicothe, SOR. Soe 2 oe Chillicothe, Olmo.......°°--.-..- 26% Dry; steam shovel. 
East Liverpool Sand Co........... Pe ER. Kast Liverpool, Ohiosaee 25:2. . East Liverpool, O)iOme. 25555 Wet; ladder dredge. 
Pageriopsand: eGraweliCo..... 2... ces cece se enee Washington Courthouse, Ohio. .| Washington Courthouse, Ohio...; Wet; cableway dragline. 
RramiiniBros......... Re Ee a Aciec ceria: Ammer, OTIC so oe a a ceacray siareean ee Adopon, ONO. «,.<:c0ijare- << 0.0 - + 22 Dry; steam shovel. 
Gapland Bleek & Samd Co... . 2-05... .5.0.ceeee eee ' Youngstown, Ohio............ ..| Youngstown, Ohioe......-.....- Dry: locomotive crane clamshell. 
Ghefemlioam dee GravellCox. .. .. ...ccseceeens oe ceee Zamesvilleg Ohio... ...-.-....5. | GEL OUMMO ree eine =< oe oe Ox 
Gretna rawveliCos..... oe cccaaecs cone ceaanee  GreenvillesOhio.............-.- | Fort. Jefferson, Ohior............ Dry; steam shovel. 

10). ee EE Ge gai. MAI ne. sae os ena re eee | Meghaniesburit, Olito...........2 0. 
bed) Niel) C—O | | Cineinnati, Ohio. ............... Cineinnetl, Ohio. 2.0 0220.-.--.5 ie pup: 
HiomersamdCo........- 250... eee ee = ee i PWement, Ohior................. : River near Fremont, Ohio....... 
Homemardner Sand Co.+_.....-..-..2c.e.cece eee . Sandusky, (CX a ae eR 1 Sandusky “Olio... 2... De. 
The Island Sand & Gravel Co...........22.....024. : Gelumbus, Ohio...... 2.2.2.2... | Galum@ius, Obie: ~... 5. .-.--.. Wet; cableway dragline. 
Kelly Island Lime & Transportation COlno eee Sandusky, Ohio. ................3 Meme hey, (Ohiaees 225222... -:-.. Wet; pump. 
NabtickeSaridideyGeaeltCo. 2.2.0... occ ce ee 1 Wallnitls, Oliioew. ................ | Killbuck; Opge 2.2 | Dry; steam ‘shov el. 
Inegee” Bie teaaml OO... eee eee ne oe Sandusky, Ohio...........-..... | Sandusky, Ohio..........----.-- Wet; pump. 
depos Wine@lane\Go. 6... c2o eee... ee "PoladapOhior:................c- ! River near Toledo, Ohio........ Do. 
Inttiorty SanidgdeGrawel@O....... 22... 0.2. e een ee Liberty, Oya. . _ . serene ae | Liberty, Ohio...................| Dry; ecableway dragline. 
Longaker WORT ONE 5:3: o5262 hesichcic Siw, tring oe Se | Pleasant PM Ohigs.. .. 4. 2ae | Near Pleasant Hill, Ohio........ Dry; steam shovel. 
bee mteW OE 00% acces os ie 2 aes pe eee "Mariette; Ohio.................. | Marietta, Ohio.................. Wet: ladder dredge. 
Marion Sand & Gravel Co............ a sedees eee ee Marion, Ohigs............ RE Se | Near Marion, OT ee ee Wet; derrick choliaiiell. 
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TABLE 1.—Permanent-type commercial sand and gravel plants—Continucd. 










































OHIO—Continued. 
Name of producer. Office adaress, | Location of plant. Method of excavation. 

EI S80) Se New Philadelphia, Ohio......... New Philadelphia, ONIORE. . Dry; steam shovel. 
Mount Calvary Sand & Gravel Co...........-...-.. Columbus, Ol...-..........--. MCGLUTIDUS MOM One... 27220525 Do. 
(UC ISIIES [S00 Se ee oe ee Toledo, Ge... se Lake near "Toledo, (ON aaa Wet; pump. 
OhiorGramel Ballast 'Co...............00250.-00eecee Cincinnati, (CHING Goa eee 3 Miami Grove, i Wet; dipper dredge. 

I otal fea iaratol6)«)s:01s + v a/R Vee So's © <3 0 Sie) Srateeael Old Siis cee Son So8 aes INewilowan, Ohipps-seoc: 52 s<-0n Dry; steam shovel. 

JDC, cape tele ene ae Se ie er et ee (OSB bese eg Glleess OME. . eae ce sicc ccc ce Do. 

1D.Co- coe So CSB ARESe CORT OO GOC0ACa See ee (ee (CkO gee a ec Miamivalle, ONO. -- 2 .-..------. Do. 

(NS opgoscongSeegsec0de - swegocc0 SExRBBEeBADOOS ellececo Oo hbedo ore 6 INO, OO ooyeeeeee- aaeeeee Do. 
MiesOmo River Sand ce@haweliCo..............---]...-- Gl) Se. SAE eee ree Cincimmatie@Mo. ....2c.4-..--.. Wet; pump. 
Ohio Valley Sand «& Gravel Co..................... Shadyside, Ohio................. IDNs, Cherie: See ean See Dry; cableway dragline. 
IDB Gl AO ae 0) icc Warytion, OHO... ......:60sc00ces Dayton, Olcia. ae ae Dry; steam shovel. 
(Clo (atl =o oe ee Washington Courthouse, Ohio . ‘| Washington co Ohio...| Wet: pump. 
Port Clinton Lumber & Coal Co.................... BovtiClinton, Ohio. 22. .........| BonnenniongOhlOce.2.c2es05-.- Do. 
Bontsmowth sangdrciGraveli@o..........---.-.-..-- Portsmouth, COR. | een ca): | Portsmouth, Ohio............ ee Do. 
The Queen City Crushed Stone & Sand Co......... Cincinnati, Ohio... ............-- Miamiville, WO. so. cc oss Dry; steam shovel. 
Release GRAIN. ccc acc ee ese esc eae St. giohmssOhio.............--. StlolinssOhiO.. ;.. 2. -..2ec ce Do. 
vive Rede Bani (Gravel Co. ...........2....00200000- Cincinmati, Ohio. ....-...------- CincmmmeatieOblOn «<2... s.ceeecc. Dry; cableway dragline. 
Richwood SendvésGravelCo...........-..-..----+- Riehwood, Ohio..............-.- GallipGlise OHO! ... 2-2 c..ccc--s Wet; derrick clamshell. 
Readempendid GraveliCo..................---0065- Goemvon, Ohios.....22:-.--2--+ 5, Wanton, OMIO.. cc ew encase Dry; locomotive crane clamshell 
GNP So SG (00) ah Steubenville, Ohio.............. Steubenville, Ohio.............. Wet; ladder dredge. 
The Rubber City Sand & Gravel Co......-........- MNISTONMO MIO. 6). ..ccc6scccceess NIKON OMNIS csi ce sc sc- ccc ece Dry; steam shovel. 
MMMM ne Ice = o> PE oleic wie ciciaicicieisis:a cine Martins Merry, Ohior..........-- Martins Ferry, Ohio.-........... Dry; horse scraper. 
SbompemvaitlenSand CO... .....ccceecececenoceccecces Steubenville, Ohio.............. Steubenville, Ohio............-. Dry; steam shovel. 
Southern Sand, Gravel & Supply Co............... Coluimibts;/OhiO:2.....-..2.2...2 Columbus Ohios....-.-...---.- Wet; clamshell dredge. 
sae (emsmuction\Co:...............-....-0.2-... Cincinnati, Ohio... ..........-.-- ClevesmONIO....... o-mjac 0 ees Drv; steam shovel. 

eee oes anne cadences scl ecege Ge) . -actosseeseeseoseccsens| MBS, Oli. SaaBeEeeaAea eer Do 
Toledo BoE AOnS RSW DIVICO ccc 2s. ones ccecee ees MOlGdOWONOs. 2 goes. c0s-cace cee Maumee River, Toledo, Ohio. ...| Wet: pump. 
Toledo Pulp, Plaster & Supply Co.................|.-..- CG cere c . «seem eter Alle cieces CO... - ena eee Do. 
Wimeimcnmandedcs Gravel CO. ..,...-..2...-.0.-s.050+- Genmantown, Ohio.............. Germantown, Obio0............... Dry: steam shovel. 
PAE. DEY. SVVIDEROINNES OO cic ce enc ncceceaneccecascccsace Massillon, Ole... 2 .cce se en Meyssrilion, Ohio. ..........-<-<00¢ Do. 
Youngstown Siliea Sand Co... ..........0.enceecene Youngstown, Ohio..........-.-. Youngstown, Ohio.......-:--.-- Start operating 1921. 
Zanesville Washed Gravel Co...................--- Zameswille, OHIO... 2.2.22 00. s00- Dresden, Ohioe -........ 220220250 Dry; steam shovel. 
KENTUCKY. 
ie 13. WME a OS (Clo ae er MranisfontylGy... 22s... .. sere: | River near Frankfort, Ky....... Wet; pump. 
[s307 al EOL Coe eC | oe Oe ail a) er Dry; steam shovel. 
SlPAPar LD MECC ON Se. oc scidiss secs ceceeccasscesecces Marysville, 1y..........-.-...--- | Near Maysville, Ky............. Dry; dragline excavator. 
ByvanewillesSand’d&: Gravel Co.........-.......02006 ISG (yeas hy 14 | Henderson, iheyee 2.2.0.2. on. Dry: report missing. 
Grobmyer Sand & Gravel Co.......... (CEU ony, UC oe eee Gamrolliton eyo... .<2-enercs esi Wet; clamshell dredge. 
Henderson Sand & Gravel Co......... Henderson, Wy... . 2. ee. e ese Henderson) Koy. ...< 2.2. s0cce0ss Wet; pump. 
Ideal Supply S005. ann ccaoosescereener ares NEON, a ISGVirele sas cicciceviec s+ se | JED lon e e ee Dry; steam shovel. 
Kentucky & Ohio Transportation Co Gamralltonheve. ....0-<2-5. 255.5 Cepanollionay SKS y Staines s/c; <<<: <isie'e Wet; pump. 
Memphis Stomerd Gravel’ Com, ........ 200. cccccnens MemphiswTenti..............--. | Gravel\Switeh, Ky. -......-...-. Dry; steam shovel. 
SIGS SO Oe Louisville, SGN Re a eee iene csc mare | River near Louisville, Ky....... Wet: pump. 
OhiomRiver Sandid& Gravel Co.................+.-6+ BAGUCRHWIKY. -...6.<00.cc0c000 River near Paducah, Ky........ Do. 
leihier Sieyalat, (6)y-5 UG) (Co Owensboro, TE ae ee ae River near Owensboro, Ky...... Do. 
SNL CON vo stele ee clone evs oct cee s ccc cncnc sees Louiewilles Kye... <i... secs wees River near Louisville, Ky....... Do. 
INDIANA. 

Jae (Ci SCO 5. i bu emesielis, tienes cs «= 5 / paieoepelis, rides <2. 5 oe Wet; cableway dragline. 
[hide S208 Rand. GARE") Cit. 5.5 GG GC CORSE GEE Bese | (Cena C1 SiR Cae eee eae caper 0 [oer nee Do. 
Baand) By sendiand Gravel Co.........--.-..-.---- Fort miei. ING a eee eee pte Tot Wayne, Ind.......... Do. 
Thai Oo COCO) eee aaa Nobleawilles Ind. ..........-.... Near Noblesville, Ind........-.. Wet and dry; cableway dragline. 
Bedford-Nugent Sand and Gravel Co............-- Evansville, | RS. | Near Evansville on L. and N....| Wet; pump. 
Bloomfield Washed Sand and Gravel Co.........-. Bloomfield, TINT lo repre ees Biloomimeldilnd. 2222. --22-22-6 Do. 
Bluffton-Lewisbung Stone Co.............-......-- Lafayette, | ree: | West Lafayette, Ind...........- Dry; steam shovel. 
Browm-HufistetterSand Co.......-..-.............| Indianapolis, ne =<. Seek Near Indianapolis, Ind.......... Wet and dry; cableway dragline. 

(Oh otc - og panes -- copes (ane ee See SEER ASS re | §. Harding and White River. Do. 
(enol Coe Gl?) Cs aaa ee oe eee) | © (0 J a eae are pelnciemamolisnltid: 2... 5 Wet: cableway dragline. 
aaa (22, oO! CO) 3 ee Wiitiainsport Td eee to kos PRE NUUIS Em CL ee oon ete ayn cbc nce Dry; steam shovel. 

Won awh acn Sch oon SOS BDO Re OBER OSCE SE | (Caer 0 (0 agile et eran | Woleottville, Ind............... Dry; locomotive crane clamshell. 
iilasaina Cy) Cs 4a re Gaimbns 1a panes otis a eeeeee Coltamiims, Tid. .......-...c5.c68 Wet; cableway dragline. 
(og (CO Ghnias gow lll ae eos. cc cee eens ee South Bend inds.......-.---2-- Dry: dragline excavator. 
Covington Sand and Gravel Co....-..............- Covametion, Tmd=.............-.- Cowinetion, Tid. 95-:.2-2...085 Dry; steam shovel. 
ee momarmdaravel CoO.........-....------ Evamevilley Ind. -..-....--..-.-- | Mount Vernon, Ind ............. Wet; pump. 

(oo san dte oebne nth D Oe Eee ee eel eee 0 0) as eres | Bavenswille msde .. <<... sss--c cc. Do. 
fading wobott (Wcceascecos sees aeteeee eee Iireietita pons lnd. ..22-255-.->-- Indianapolis, Ind Wet; pump. 

LOE oe scecenco Seed Cet Cee eee re CLO csi chaste a cy cynrerstem rete at «3,3, ener LG ae meteor ct ee ees Wet; cableway dragline. 

1D on cnc coneaeedne ene es MOP . 4252500 saseneee as cc..5 | re (1O).c.2 eee Wet; Clamshell dredge. 

bee 2S CHOBE COG LES SOARBE ECE. Cae e eee eee es Sear GOQGEES SESE HERO REEABERCenaepoy Alois LS) JUNG heer eres eee Wet; cableway dragline. 

go 2 OL SOT 6 tags 4g COR OBC Ie CLC tome sate fate cian = oe ee OOO MORI UTILS 2. 3/2.5.c/ =a. e:e neds Do. 

Grifith Sen@andsGravel Co..........2.......00000 GritOhb nds =. 2. sesc cose sot | RGuRRIT UME GL = ss. ao ee ae win  wsiee Start operating 1921. 
TSIBYe cuve™ al (G07), ON C0 Hazelton, nie | (Ae erennee Serriareac 13 2A, L000 re Wet; pump. 
RUE IBLE Mico. cen Op UOO RN GE EEE Coo eee Sandborn, Mn alse septate cli hee eral Wiosthimeten, Ind. ....2..-..2..- Do 

lO acco on SAO OS EO BSS a ees [eee 10) oe one ae ) Misono... ss scacssscce a Do. 
de Rohn eS WERE WING) oe seca. eae ee VW NEGGORATMUNG <=... nc naen eee Do 
meme Md Gosy04 1 UL CCC ea ese eee —— Bend, Jas ee oaomnepeeost Ou liLl 13a bella as aanaeearae Dry; derrick clamshell. 

ee os nD EO SSO SG bbe an EOE OS 06 HOS eA PONS 015 ee ee a | Near South Bend, Ind..-........| Dry; steam shovel. 

io Vario! CO): gape pee ese ecee case eee ere jiidinaielis, 100 G Wigtee aeaaroe indiestapelisyind ~~ 222.2... Wet; cableway dragline. 
iiwemaramerGpevel/CO...-............-0--2 eee ee eee TNefierautte; Ind. ...-........0: | Covdaigtantylnd.--.- 222-2... Dry; steam shovel. 
VOWMMIMONOSHMOUSONS. se... .-.--.----2- eee eens Indianapolis, Ind............... | Indianapolis, Ter eres eens a ae Wet; cableway dragline. 
Kickapoo Sand and Gravel Co............-.-..---- OT ce, Ur Ae IPA Thiemp@lindliae. © <5. cce ce. - Dry; steam shovel. 
Kirkpatrick Sand and Gravel Co.................-- Gremitield, Imd.....-.....0.-2.- Cambridge (CHG LOT es co eee Wet; cableway dragline.. 
ierayettesHydrailicGravel Co......-...-.......-- Wfayette, Ind). .......-.---.---  Latagestemlind!...<....c2..---.. Dry; steam shovel. 
ilmmmnavne Browners...............------.----------- Detroit, Mich josnaaseseeenaasena ve) IME, Nn iS eee Dry; dragline excavator. 
Mieekewille Gravel Co.........-............-------- Terre Haute, 1h 10 ers | Mivelcomillemlingd ....2.22...-.5. Wet; pump. 
emermenllesGravel Co..........-.-2--------02-- eee Martinsville, pital. Sees «oe Martinsv “ille, lta eme eee Wet, cableway dragline. 
OS OC Indiamapolis; Ind......-.....-.. | Riverton, iC ee Do. , 
Jo Oe SS a a CGhintOnglid ...-- .222.2.2.-22--0 | Summit Grove, Ind............. Dry; steam shovel. 
Million Brothers Sand and Gravel Co.............. bakeaCicott, Indie... .-.-..2-.-.- Kakevcieott, lid -.-....---+-..- Do. 
Monpenumm Gravel.Cos.....sa0-..----------------- MemesLiawte, Ind... - <2... 0.5. Monterumem lid... ..- 2... Do. ; : 
Montezuma Road and Concrete Gravel Co........- Monteswme, Ind). .......-...---- eae. C0) cams 2S ee Dry; locomotive crane clamshell. 
Wil c8 SSS Shelby will@ Jind. ....:s.5:--2--- N. Pike and Blue River......... Wet; eableway dragline. 
Neal Gravel co on 2 SBR ABBE ccd ae Puemniieellles 2... sconce Beta: (bi Do. 

1D gg er og CNG aS i Rn Se 2.3 ee Compton, Vii... .. ..- a. -..--- Do. 

WG A ys 8 ew ida Howe lon oe OO... ane ost See sci Silverwood, Ind.... Dry; steam shovel. 
Newman and Kirkham Sand and Gravel Co....--. WMewrmrille, Indl... 2.52205. 52-0 IRC nt Wet; cableway dragline. 
Northern Censtrietion @o...................-.-..-- MR Tdi 2 oo. 2 ee tee cen oe 0 0 Do. 
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TABLE I.—-Permanent-type commercial sand and gravel plants—Continued. 


















































INDIANA—Continued. z 
Name of producer. Office address. | Location of plant. Method of excavation, 
1 

thern Indiana Sand and Gravel Co.........-... Woleotinillepinds:............- ' Wolcottville, Ind.............-- Wet and dry; derrick clamshell and steam shovel. 
Oeste Gravel CC ee bee ese: Plymouth, ht ee. (Chk, J baG I eee aeRooneae.- Wet; pump and cableway dragline. 
Richmond-Greenville Gravel Co_............-.--.- Greeiville@nhio:. . ....-.....--554 ak peng Tenge erence ee Dry: steam shovel. ~ 
OUEMEIUON CHET AUVel GO. ....... seeeeee on on alan cc ceerte ihataapanaivel, 100 Say seeooseeeees eS... Sets 5 Ree Dry; cableway dragline. 

Nie eps Gee csc... SE ene 552 c eee NewsAlloy pull. 5.25. 25/2 =e New Ame isto Waser coemetne cc Wet; pump. 
Standard Sand and Gravel Co.......--.....--..e5 (GiESniICOF TY, 15014 | eee ees Clintomelnigi= 2: cass s.cssssenaee Dry: steam shovel. 
Siiwellisand and GraveliCo......2..<5.-..--.snseee ee SOMMMINTCS, Serene ores corsets Anderson, JLo Weert geeereeeecie Dry; dragline excavator. 

10) nS - — 59 Se eee (SARE L0 Oe | oneoussescaseads LOFTS RE., | O0Y6 |e eee en ne Do. . 
Simran dancdraveleCo.,... 65-272. ssccneves éire | Heite, Mid... 2... Merremblau te; nd): sc cewes se Dry; locomotive crane clamshell. 

WO nicin a oo «+ = Apia wT ee Cee (GOR cae, ee ee see See lin OMe tees ols esc sen x Do. 

Wiiashisaiid and’ Graveli@o.............2eecesn-sa0|oeees Omer on eee ae Terrerelaute; Ind . 5.2 sl<o. ce cc Do. 

1 Ree eC eee eee sec. sokaacd\ens as (lol, oes occ Ace eet Nombesumdy tnd... eee ee see Do. 
WaheoemandiancdiGrave) Co. ....-...-.52.20se-.- see Muilifonc Saline 2 eee a. ce Ninoy 1006 eee eee Dry; steam shovel. 
Worewsand and Gravell@o..... 2.5... .e.- ccc ee oe Warsaw, yc RN pe ee: WVernsawe lieve er ss eee Do. 
Western Indiana Gravel@o- .......-2525.------.---- Terre Haute, lings eeeeeaetee icc pM UGTEN ABO! INI pon enone soneenos ' Do. 

U0). NRA RM 8 Sots 6 soos soebe|gabac 66 6) gape Nee a0 cumomecce Terre saaubewmlnid <2 2.2. coc Wet; pump. 

ILLINOIS. 
fmoimeaSend & Gravel\Co.... 2522.22. sents cece se sne Clie OAM ea 8 ae cee teas MieanquiiM ST js osc e cock Dry; steam shovel. 
AaICetson- HCO OL Comes. eee eee amen -- oe NUMNEPGS UAC e eee ee Lawrence County, fll._.......-. Wet and dry; dragline excavator. 
Anair cate manda GraveliCo... .. -aeeeeeeese <<. sc mGhicasomlleen ence eeee ae ee Canpentenrswillepmllr 32... 0-. 2. Dry: steam shovel. 
in oe onic assdonnsosetesoccos LOVE Sore, 2)atese e 5 'e,010\s esi oio.e:o:erers | IMU UTM se <-n< Do. 
Atw nod WaVIS SAMONO Ones 255. saneae soeee eee ess CLOMmrie 5 Sele meee ok Uae Winnebago County, Ulse: =e-. Do. 
TheBarry Sand & GraweliCo.........25....25..00! sie @oll, | ases ota boeeaaeronc NGamBartyylll:. 2. eeeeeeee eee Wet; cahleway dragline. 
IBGHIETAVVOOU SES ONS! CO. -ccaniney.« 1.3 eee ee ore Moline, fe ee, eae Moline sites... se aeeeeen ree Wet; pump. 
Ghiregeo Gravel Co. .... cree ses. a. be sneeene nn eee acne Chicago, ED eee ee See Plainfield, It) eeeROmerincAtsaaacan Dry: steam shovel. 
(0 Ee ere Sr SaaS earomadllsS eet Min n.o aacdanecasaaonesaaoous Rockdale, ee ae Do 

(Di. Nec aenatane Re ac oa oAommencaEe lee ae O\= teens rete rn eae Spaulding, Ss ncn aces Do. 
THAI COMB... .. «0.3 ce cess cc Seen ee eee ee De ee eee WOpkerUlemllle, 2\./-, 02 seeeeeeree Do. 

[0 <0 A ee che resem ores Adccocnercccscss SReo Or enor ae eee Oreconmlll c.. -.2 secure Seer Wet; pump. 

Ok. :: aes A oboe ee eo eee aes GOES. =)... cs amen eee MOV Roa S/O AA eee ame sy secee Dry: dragline scraper. 

BG). «3 ccnp = nce eS ee ae COM cea eee Sloe) cGy IU eae ane meee |. Dry; locomotive craneclamshell. 
@onstmictionmMinientaliCol.5--55...-.2.---sss-.sees | Chicago, Ill Chicgcowllla es ! cee cece ee Wet: pump. 

Deeatur Sand WeGrayewOo. 25... oc. ccs ce eee DOCatnnellllly sy oees see cues eee lbyecr yoy Obl se cease seescaneenseaee Do. 

R. H. Eastwood Sand & Gravel Co..............---! ‘Grayville, {11 - Grayville, WEEMS cewek ero oe Do. 

pongo bin msCira Viel C0 eerste 5 < oc ec lone one 1 (SS trop IREIEAN icrersee seme ee oe eee Oliver Branch, | Meee ren ce ee Dry; steam shovel. 
Galesburg Sand & Gravel Co................--.-6-- Galesbubp pile cae se eenecee-c see IO, 10 aa ee Ree aac Do 

ne alli aysamaiOOr aes...) 25.5.5 Sees oe ae Grito 0 peas cocdoanaseednacs Rivermears@aing, [eee . eee Wet; pump. 

Minos SandidsiGravel. Cosas: 222.522 -ccameeees cs oe "Marion, Tl. eae eee Metropolismlblees. . 25-225... 290) 
InberstatesandamGraviell©D) ..2.<..<.sceemecsss20 | Chicago, ILI... Sc Seremeeaaie eee Jono Aud I UB AR Ree sasrecasne. Wet; FA tipain octane 
TOMI G TOV ONC O cess pee et a «cc nce eee se ‘ole 6- ll Eres ae came Touetmulle asin Sees se ace Dry;steam shovel. 
teak SANG) COn nas koe ces «2. > Sore anne Gann eal 2 ae oem oe ae River neamQumey .2--ee-.------ | Wet; pump. 

Wakeshore sand COnesoa.:|..2:. a see een ee (OUalic (ufo), 0b Cee See aaa eree AS OUT E = eee cee | Dry; steam shovel. 
ieimeolmisand ds Gravel@omn..-....ceqeeeeen.-ooe NEMEC Ole beaee tesse ee te iene eee IGinc ole eaeene reese Wet; pump. 

Mississippi Lime & MaterialCo.................--- POU erry on ore are ene River near Alton, Ill.. Do. 

Mississippi Sand & GravelCo.............-........ IB imlimetonlow eae... 225.8 one INGIE MS ene UL eens. sees Do. 

Missouri Portland Cement Co....................-. Stvoigwoes. 2.22026. once coe SaStiSt. Womisgllle anne snes Do. ; 
MECraihitoand ci GraVelCGs—. 0... -.-cseeeas. =~ - 22 Mineola. 2ee coe eee eee OVNESUOM UU lepeerre cia sialc/tc\a'« ole ate Dry: cableway dragline. 

NY Oeste cxclale aire Seren te reer talais1 0 9's ne seg) Meee ic, << | Chi) oa Oeaec se SOME SAGO ao- Chillicothe, 1) | ete iets 7, See een. Do. 

10S oc cee aE one SOC a TSE OG “ieee coed mee Goss 5:2: ones 3 te oe i ierekcinm en lle = 22 2 ne eee Do. 

IDO) nccis dee ROOMS SOMME eS 4e5cescetcc|sonee (6 (0) Eee oe eee 122) S150) OE eORE Ge cos oc Do. 

Mount Carmel Sand & GravelCo.................. Mount Cammelll..:............ River near Mount Carmel, Tl. ..| Wet; oe 
Mount @armeliievatonG@o.. 02... ...6-- cs. 0. se setlleeeee GG) SE Ce aneeeess cel Meee Oia eons ists sh) eee 
Witslin(e CONSUMONS CO ce «eee ccc nec elsicccuisinencieee IMIG Mie WBA cos ace careers one MCG lite woe 3.2 2 eee 

Toa. os, «nyo» ctste soe REET > 6 2c aE SN Glo), Sa scesceccdneocabetess Ottawa... |. eee ee Wet; vs ottiee clamshell. 
INGO C OO a. 2.5, «ces 2 2S ciele mores sete WERT UOOTIOWUIL 2 2.4 een ec ae a ese Balestinenllee: 2. sete ee Wet; pump 
Peoria Washed Sand «& Gravel Co.................. Peoria, lite ee ete le Poe eee cos Wet; derrick clamshell. 
EyOurmGuavielmesatid Our... 25... commas esses seecces CTL CSL e811 a ie a ES Algonquin, Ill Dry; dragline excavator. 
QTE NES OM OUG Oa. . «2:55 5 ste seen ciency ee Sanne tees GTi Velie! cee se eee OMe, Wan cesepegnehisceccocnes Wet; pump. 

VSM tls GN MOMOO...... en eee seer cscs eco nee oe Chicas omilleee.. 22. sence INU SeUa OPO SI Eo nace sen Dry: "steam shovel. 
AN TE SOG RS) bl Clo ieee & 098 Sorte ae yee > GIO kh wine SegaReeGene Sod eres e SI AE, Oo an. ee eee Do. 
Hideo Tdsan Si) stall Open he oan caadeseaeeros seSSAerlicscss LOG satarateteee oss hk NE Carpenterville, Il}... 5 See Do. 
ee inn one Sao Ree NAA GAAS Ge late cs (eer emee| (Challener a7 ONIN Ie ee oak Do. . - 
Rewktorll SamncmenGravenWorcncc el jee ss Rockford, Wi 1222222222222222077 eckstondypllllee = =ac oe eee soee Dry; mechanical digger. 
DAES ees SE cc a5comciag SO eee | AE - CE oo coPaeeeiee oon ae OO sen a ee Wet; pump. . 
Reek Islend/Sand & GraveliCo..- 1.2.20... 2. eee iBWockts laird sae: ..: 2. See Rock Island, Il) Do. 
Shawneetown Sand & Gravel Co.................... Shawneetown, Ill.._.........22! Shawneetown, Ill Do. 
South Elgin Sand & Gravel Co........ 2.22. ....... SOME MB ih. Die). alee ee South Elgin, Il Dry; dragline excavator. 
Stoker Gravel & Construction Co..................- iphiande diese... saees een Highland, Ill............. | Dry; mechanical excavator. 
AGIs cS IDG a eee, aS...  Galesbunpy tills... 1... Gladstone, Ill............ | Wet: er. 
Wiha Thi TUG UEC), aCe Beene — oseeeeey on... Sprinpiielay lls... 221. Springfield, UP se oem eee 
Wiestern Sand de Grawel'Co..... 2... .2...0. 2.2 eee Spring V alley, 1 OU lies oe reer Spring Walleye... ... 22... 2. ese ' Dry; Eee scraper. 
YiountemRoberts'SandiCo. ....s2c.... 52. c cise ee eoee @hestermillese eee a e.c fess. oe River near Chester, Ill. ......_.. ' Wet; pump. 
MICHIGAN. 
Battjes Fucl & Building Material Co_......2.2...-. | Grand Rapids, Mith............ | Grand Rapids, Mich............ Dry; derrick clamshell. 
lo. 12 ar TT eo onances on Pombine MMW... 52 bocce cco ce * PonbigemMicghie. . 92. ..ccccee Dry; cableway dragline. 
Brownlee Park Gravel & eoniame i Oe Sere mee Fs Battle Creek, Mich.............- | Brownlee Park, Mich........... Dry: steam shovel. 


A ee | Grand Rapids, Mich 
. Lansing, Mich 
Detroit, Mich 


Cadillac Builders Supply Co 
C adillac Sand & ck el Co 


Bay City, Mich 
Y Detroit, “Naeeiy. ..- 2... 2k 
Cass'City, Migh................. 
» Marquette, Mich 
Detroit, Mic e 


Detroit-Oxford Gravel & Stone Co 
Detroit Sand & Gravel Co 





_— Mich 
| Detroit, Mich 


Federal Sand Gramwel’Co....................._._. Saginaw jeMieh............2...-. 
iL ee. se Ue Ce eee 
ns eee ce PU oon So eet 
|g ee ee ..ltC oS ee ere 

Gemepec"GrawelCo. nc. ne eee Detroit, WMAGhE. 2... eek 

I’ DSGleason:Gowit@o...............-..-. mle (a CS I ri ee, 

Grand BayittetGravelbCa,. o.oo coool a Hapidsy Mich. .-.....2.2. 

o 


' Wyoming Township, Mich 


Dansing, MigW. 0.2... see 
River near Detroit 
Geddes, Mich 
Mason, BEiGhe ass 2c segs ocd 
Clarkson, Mich...........5:...-- 
Cass City, Mich 
Dishneau, Mich 
: Detroit, i eae 
Hershey, Mitg@h.........2.-..--.. 
_ Brighton, Mich 
| OxtomeleMaehes .. -.-c. ose 
 Utioagiiile.-.......-.4e....-.. | 
Oe | a 
Greenbush, Mich 
Emerson, Mich 
Stinson, Michee cases. s.20..----- 
Earlstead, Mich 


Granville Road, Grand Rapids... 
Wyoming, Mich 





Dry; dragline excavator. 
Dry; steam shovel. 
Wet; clamshell dredge. 
Dry; steam shovel. 
Do. 
Dry: cableway dragline. 
Do 


Dry; steam shovel. 
Wet; pump. 
Dry; steam shovel. 
Do. 
yee crane clamshell. 
) 
bev einige excavator. 


Dry; “locomotive crane clamshell. 


Wet; colleen ay dragline. 
Wet; clamshell dredges (3). 
Dry: steam shovel. 

Do. 
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TABLE 1.—-Permanent-type commercial sand and gravel plants—Continued. 
MICHIGAN—Continued. 
Name of producer. Office address. Location of plant. Method of excavation. 
Grand River Washed Sand & Gravel Co........... Ann Arbor, Mich............... Biiehtonmiinene. ooo. | Dry; dragline excavator. 
aE ES eee nen oo eee ames MICH... 62... 2. ences Millers Road, Iwaticime: ........52 Dry; locomotive crane clamshell. 
Jesu nrgiayg Jeger W000! Tk Co rs Baya@ityaeMieh.. .....- 0s. ccc | Douglas Pit, Wiiat~.......-.- Do. 
oemoonm lame’ Cor (btd.).-......--------.---.-- eee Giang Rapids) Mich............ Grand Rapids, Mich..........-.. Dry; steam shovel. 
HO We [Boo SSE ag WaasimewNbeh .. - 5 lke ce ee * LansingegiNiGhe ee. ..........-- Do. 
POMabenT CROIMEMOO! .. ...cicc ccc cccacccccacecacsees Hershey, Mich.................. River near Hershey ............. Do. 
Tigkeiced: ester... ....-..cc-----s5s | CCU REC EEE: Benton Harbor, Mich........... Benton Harbor, Mich........... Wet; pump. 
Vi MaMEOUIWOr OMMISOT cca... eee cece ee cece eee nee PonbiaewMieh= .o.........-....6 i Pombise Wee... 222 ...2...-..- Wet; cableway dragline. 
Kalamazoo-Greenville Gravel Co Greenville; Ohio. ..0..........- .. Welamazoo, Mich................ Dry; steam shovel. 
oe J Pontiac, Mich......... IRemilaem veh .-.-... oe eeee eee Wet; cableway dragline. 
Midland Girawel Co.............-..-...0. | Millbrook, Mich Millbrook Magen... 22552. .c5e. Dry; steam shovel. 
Michigan Materials Co Muskegon, Neh... 2... .02-02-2.5 Grand Haven, Mich............. | Dry; locomotive crane clamshell. 
Wichitan Sand \ Gravel Co..................02.--- Dexter, ALES ele a a IDET 0d heer Dry; derrick clamshell. 
EC Saginaw ich ..........-5.-.-.-- @itrewilles MieGHee 2.5. een Wet; cableway dragline. 
Ohio Michigan Sand & Gravel Co...............--- GMO MOMMOE oo. oc ck coe cece sss Pi@lrise@n, aMa@eh 220. cca cnc Dry; steam shovel. 
Je ee O78) 00 5 ere Utica, MGNE........--.--.0-2..- | UpieaWMGIGH Sw. cc. e ese seee Dry; dragline scraper. 
dite JE ne jeDeteait Wren... ...5cesc. 5... ss f Osmond entiche.. .- oo se ew oe Dry; cableway dragline. 
Parinangsame « Gravel Co.................-.....5- 1 -(0 17. ae eas eee | Peeumseh, Mich................. Dry; steam shoyel and cableway dragline. 
Hochesenmomidus Briek CO.........-2c0...-e-2e0+slenees CO) RS 3 oo. CRs eee | Rochester, Mich................. Dry; derrick clamshell. 
SuaneenarGmamel CO... .. 2... cece sce ceeseese Sere | POMUMG MUCKIbne ss. 2 oso cc sce | New Hudson, Mich............- Dry; cableway dragline. 
Dos JSG) i Saginaw, WMO 5 25, oo Mason yMigiee. |. 8 soc. eee Dry: steam shovels (2). 
Superiomoand «& Gravel Co...............2.0---0008 mDethoity Mictren j2..0.2..-s-+. Riverinear Detroit. ............. Wet; pump. 
TMeemmeeh Gravel Co.........-...---.-.- Sane Lane 1 DeeummeehseMich.......-.---..-..- eenmeeh, Mich.......-.-:-....- _ oan dry; cableway dragline and steam 
j shove 
Risso lemernd Ci GraveliCo. wwe cece cece reer ees GassiCity Migh =... .j.22:------ | GasstGtinvaeMiiehy 2... .ccecns es Dry; cableway dragline. 
Uimeedeluel & Supply Co... 2... .....cceeseceaccces etoile eMiGH eer =e 2 - cose nn -- 2 OR ol NG oe Dry and wet; cableway dragline. 
MU INS ee. <.s cettte = ca 'aielciletieiete s'ss sisdiacices oe -a|seae* Loa eeiire so. Scheme bien ana Detroit, Mich................... Wet; pump. 
lO oo ode pee Hac aed SRGre 6 NEO CC eene a ie Os 8 tee ee aca ae | New Hudson, Mich............. Wet; cableway dragline. 
Valley City Sand & Gravel Co...................... Grand) Rapids, Mich............ Kelly Siding, Mich.............. Dry: dragline excavator. 
SGMV ANY VVIGONC OI nn. 5 cose ne cece cece secs ceecas Grand Haven, Mich............. River near Grand Haven........ Wet; dragline excavator. 
‘get eons GUIC EEN, DUCO. Sone Aan Serene ss eee JDQUTONi, i MO eee eee | Gaited iN U0 Cee aeernae = cree ee Wet; cableway dragline. 
So Nee O60 65 26H a ees Sere nr eee eed aa ee ee Ee CLONE sao 5 oe c.< sate areaiee'|| WC UR DELETED. 
Hoyt isccinaons Satie SSO C90 CTE eee Caen Tamesmeich2 2522 .6.5.2.25-66 ideal DUCE! ee oo crc ore Dry; horse scraper. 
Yosilenuisand éiGravelCo.................--...-. Wypsilantre Miche. o-2....----.--< i Viosileuitn Mien ......05...0.-.- Dry; steam shovel. 
WISCONSIN. 
BeloimsamdidGraveliCo..............0-0..-00ceee ‘ JESIOW), Vivi Dry; mechanical digger. 
Big Bend Sand & Gravel Co bieebyend) WiSsae. 2. cac- 22-2 - oe | Dry; cableway dragline. 
(Ca300) Cea (Ca Caseonmmenion, Waieee a. = 2-2. .- Dry; dragline scraper. 
Gag otomer@ onstruction Co......-.......2...ceseeee SHAWOWD, WiISs...-<cccscc:055- Dry; dragline excavator. 
@ockraa Brown Wine’ Cons. ...-.--.--2- 2c. eee- tees Ocaiaeh! yi ee eee Lake Beaumont, Wis............ Dry; steam shovel. 
die DOW. aS. ne Milwaukee, VSS See oan [VFI CSHOVeISerrs a cltciaie aes Do. 
Elkhart Lake Sand & Gravel Co..................- Bikhert Wake; Wis.............. Elkhart Lake (3 plants)......... Dry; dragline scraper. 
Baw@lairesSand & GravelCo....................-. Maui@lairesWise.-.....-.--.-..- Shawtown, Wis.-...............| Dry; derrick clamshell. 
Begee Pomrctetercnnanmel’ CO. cc cccc ccc ccceseecees hare ‘il papel tan aaa WRISGLOLEMV\SI SE, ee. s «ce:6 Dry: steam shovel. 
2 OR... UR SOR e 4d dso ce ee eS ne Sone 0.0 eee seen Janesville, Wis..............-...! Do. 
Covgihae Rapids Sand & Gravel Co................... | RiaplasyWWiS.. 22.2. -<.5. IBOSSEREOU VMS)... <.0 > tc0< arcs i Dry; horse scraper. 
Hayworth Sand & Gravel Co....................-.. Milwaukee, Wis.................| Lapham, Vi IS 2 eee , Dry: mechanical digger. 
olGs.. tas Seyaval hy CPCs Cf eee en (> en Milwaukee, Wis................. Do. 
Jenesmlle Sand W Gravel Co..........-..-.---.200> Janesville, Wis Janesville, Wis. (3 plants)........ Do. 
ie G0, (CS UCC Tomahawk, Wis jaiomialawiks WuSees ce... ac... Drv: steam shovel. 
Moraine Gravel Co Plymouth, Ss Seal is GlenbelaheWiS: sec... occ... eee Do. 
Northern Gravel Co Chicago, Il | boii), (IGE oo pepe ea eee eeeee Do. 
Racine County Sand & Gravel Works. ............. IAGIITE AWWA sss ols cs cece ec cn si Lejpodiigearcres ak. | ' Dry; dragline scraper. 
Rasmussen-Ebbe Sand & Gravel Co...............- Waupaca, Wis... HAWALIMACHMWVNSS.-.- cone accnes<-e Wet; cableway dragline. 
eed Semdird& Gravel Co.................-2.-220000- Burlington, Wis................. Bunlinigtonee see. cee sca 5.52 | Dry; cableway dragline. 
Stevens Point Sand & Gravel Co................-.- Stevens Pomiywis......-......- ROCK IMNVIS <<< ccc ess ene | Wet: cableway dragline. 
Waukesha Lime’é Stone'Co........................ Waukesha, Wie ee Waukesha, Wis..............-.. Dry; steam shovel. 
Waukesha Washed Sand & Gravel Co.............-)....- oe eee... |. es se ls cack Le eee Ao er oe W et and dry; cableway dragline and steam shovel. 
1 NN cn 8 PM oo cieaia sicciare arn sete SAOS 2c ca icrarceialc nen aadircass see Okaneiee Wis s4282.5-22205 20.56 | Dry: cableway dragline. 
Wiapecaicand <& Gravel Co........-..............5- a ViiGeee ee eee Ammherstalunction, WiS--....-..- | Do. 
iWiatsemisandrciGraweliCo..............2...-20000- WWAMISEITWVIS! 2 hacen ceccnecasee VND SOT, VE eee oe ae Do. 
WW of BC” TSH 1 0) RW ee Superior, WG. Sega geen ' Wet: ue 
Wilcox Sand & Gravel Co............. Chicago; Ill...:...... AP hee Janesville, Wis....-.--- peiecnnns 
1) Ss cess eee (eee LGR. SO... OMe erat POM, iii eee aee pens steam shovel. 
Wisconsin Sand & Gravel Co Milwaenkees Wis............-...: WorthtlakemWuse. ...-2-22--c2-| 
Wieeavancand & GrawelCo.....................006. Hel anenWise.=-...----... 0c. PAIS OMA VA Sets ov=:a1y.c cachet tenner Dry; dragling excavator. 
MINNESOTA. 
MTU COMIVEC ORGS: - - =... ee ene OMe SMa... cs Skee 1 JER ROISUPERIONS. 22. 2.0--<---- +s. Wet; pump. 
Best Comstruetion Co.-.............-.-...-..2.2cc00 Rochester, Minn......-. eee | Near Rochester, Minn.........-.! Dry; derrick clamshell. 
BN a SUS (Cr Winona Minn .................. | Near Winona, Minn............. Wet; dragline excavators (2). 
Biwepik sand c#GravelCo..........-..-.--------- Biwabike, Minn'......2:...--<.--2 \ Biwawik, Minn... 22 -......52026 Dry: steam shovel. 
JEOIECIU oa Oo OF re Minneapolis, Miia: 22 Sees sees | Minnesgelis, MVD sa cack ayer: Do. 
@asay de Go... 2 .....-.- ee OR on Meee oe ae ace eae CO ss ¢ 2 RE ao aera Dry; dragline excavator. 
IP dhs STE 5 ose Bore! 6 SOB SAO Gee eee St. Boul MUIR cs eer ss. - Sc : New taidan BNET Ie eerie axel Dry; cableway dragline. 
D. W. Harding & Co..!........... Minneapolis, NMI... ea ce *..; Golden V alley, IMni,. cee we ' Dry; dragline scraper. 
Kasota Sand & Gravel Co Kasota, = Spee ee sees | Nasote, Mimm.-. .... Besascaeioe 4 ! me nn ay dragline. 
Landers-Morrison-Christenson Co Minneapolis, INMTIN eys tee eee Near Minneapolis, Minn......-.-.. 
ee te es St. Pal) Milime........-2..<05-¢ SinePatt) pMinae os. ce a Dry; pale scrapers, 
Menshell Comerete- Tile Co.........-....-.---------- Marshall, Minn=.......-..-.---.- (OLUUiSeOUL MERE S132 ~~ ae Dry; steam shovel. 
(0) Ce Minneapolis, Minn......-----..- , Minunespolis; Minm...........-.- , Dry; dragline scraper. 
Medford Washed Sand & Gravel Co..............-- Modiovd, Wiitrmm:. ..........-....' Mediord, Minme.as-...-....-.-.- | Dry; cableway dragline. 
MimnmesovarGravel Co..........------.--- eee eee eee Springfield, Minn..........----- Courtland, “i rere Dry; plant planned. 
Wimmesote Piped: Tile Co..........-...------------ Mankato} Minn. ........-.--.--. | Appleton, (Wliiie ......-.-.-.--- Wet; pump. 
oe ado TR ese eee Cli, orem 1 (rucl 2.0) 1M i0 1 rr Do. 
National Concrete Materials Co............---..---- LivennewMinn.......22-+-22.<s8 yA 1c) 000 ee | Do. 
S. Js Peterson Sand & Gravel Co..................- Minneapolis, Minn.-....-..-..--- | Minneapolis, Minn......- BP eG ' Dry; mechanical digger. 
Randolph Sand & Gravel Co.....................-- SieeauheMini.... comes cns= | Randolph, aint. ............... Wet and dry; pump, cableway dragline, and 
' steam shovel. 
Riiemanmdic Gravel'Co.u..........-..-.--.2-20205 Minonag Minn ....-.-.-.2-2-.--: jaVVgIOMee iM... <5... - 22 ' Wet; pump. 
Yon CO AESt. Paral Mam ces en ne Ppa ti ae Dry; steam shovel. 
The A. M. Smith Sand & Gravel Co Minneapolis, Minn.......-.----. Goldeniy alley, Minn. ........... Oo. 
Stiefel MagenialGo.................-----...-.------ St. sa V0) eee en an dec ss 1 (Si Papalyevienn ey om... ---------- Dry; mechanical digger. 
Wi (0 eee Soe ee eee eee eee CIO Seer Sc eases ne | Dry; steam shovel. 
Winemarsandrd Gravel Co... ...c....-------.00---- liom, NOR... eee ee Winona, Minn.......-...-...---| Wet; cableway dragline. 
Zenith ConereteGravel Co. ..........-........----- Garlten, Minn: .....2.....-..+--- Carltien, Minne ......-.....--.--- Dry; steam shovel. 
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TABLE 1.—Permanent-type commercial sand and gravel plants—Continued. 



































IOWA. 

Name of producer. Office eddress. Location of plant. Method of excavation. 
Automatic Gravel Products Co............--------- Miuseatine, Jowal:..............: Mitseatine, Iowa................ Wet; cableway dragline. 
niletikee NUCMAMIATI C= <ciic . ackete se ste sas a cee ere eo Wieterloo, lowar....-.---..-2..- River near Waterloo............ Do. 
Frank Beutin Sand & Gravel Co..........--------- Dinibuque, Towa). ......--..----26 Dwhuqire, lowa).....-.....-..s0s Wet; pump. ; 
BieiSiowux Send é Gravel’Co........-..--.2-5--sess6 Aulgron, loWaw ..2.-.-----:--+-s26 Allarom, [oWia. ...... 2.52. ccccnsee Dry; cableway dragline. 
John Brooks Sand & Gravel Go.........-.--.--.-5- Wiciverlys lowaie:. 0.2.2.2... <0 Shelinosk, lowes. 2c. .--5..2-5-22 Dry; horse scraper. 
BuildesSanidec& Gravel Gos. .........-.-s2..-o2-cnee Davenport, lower, .....:.-22--5- River near Davenport..........-. Wet; pump. 
Burlington Sand & GrawelCo...........-.----.--2- Museatine, Towa .....-..--.----. River near Muscatine........... Do. 
GapitaliCity Samd Gor... new ee ccsaciteeeeneees Des Moimespliomiae .-.....-.2.--- River near Des Moines.........- Do. 
Cedar River Sand & Material Co..........-.-.----- Wiaterloo, lowWide.....0.2.. 2-220. 7 miles east of Waterloo, Iowa... Do. 
Giuy Gand & GravellGows:.s....----..-2 5.8 owe Gity, Towa... 262... cee | River near Iowa City..........-.. Do. 
Glermont Bricket&: Sand Co_............-6.c0sessee5 Clermont, Vewiae ....2202..-2see5 Clermontylowar .-.-......520068 Dry; steam shovel. 
@linton Said & Grawel!@o.........-...2-cac2ceese3- Climtony Towa),...2.0.2600.--.-.-s- Climton, Towa,...:....s.-..+-.--¢ Wet: pump. 
GoonehiwemsangiOok. .. ..cadeeeas soos eee ne eee Des Moines, Iowa...........--.- River near Des Moines.......... Do. 
Brawk G@ieanrmeanSOns... .c2cce oss cins boee eee oF Seale eee GO... Phexe 2 onss.o terete ms < </=ets ees CNY, 8 <2, 2 Me ee re Do. 
Des Moines Building Material Co..........-.-..-.--|..-.. DOs és.00 score ==: - ee ae (0 lo ARRAS Sian Ane oore Do. 
Des Moines Sandia mello... ....-.2o-022-24-se-enleeaee OE gaa esa edocs eel | (ol) ees ne eases Gosden Do. 
EddyvilleSand & Gravel Co......-...-..20.ss2-2 Bddiyville; Vowa..=....-.-:---22 Near Eddyville, Iowa..........- | Dry: drag-line excavator. 
MlintCrushted Gravel Gaet............s scenes: cece Des Moines, Iowa.............-- Porton Mower... sew... Wee. ene Do. 
INGE J. Goumeaei©o:. .... 2....seceee ae PBBAGESEoarisonn: -Cherokee, Lowa. ...............- 3 miles north of Cherokee, lowa..: Dry; locomotive crane clamshell. 
Gudentingam TilaCosicee..- +... oes as Ease nabatecs Graettinger, lowa..........-..-- | Graettinger, lowa....-....<.:.-. Dry; cableway drag line. 
Folie tisentine:Co..........0c-s.o2esccenc+ oe eoneeeeee Museatine, Towas............s66 Museatine; [owas..............- ' Wet; pump. 
Harvey Sand & Gravel'Co. .-...-.0.0.0-22sscnecens Hamman VOWS 2. cece cose seme River near Harvey, Iowa.......! Wet; cableway drag line. 
HaydentSand cmG@irayel'Co.........0---22e+seesneer Rock Valley, Iowa.............. Rock Valley, Iowa Dry; steam shovel. 
AilisiSand dr Gnawel’ Co... ...-.2<-ce-uscs0-sn-e sees NSS Gimiete  ... -ac0 eee ae cee UTS OWE «a. oe ecciaee ote =e Wet; cableway drag line and pump. 
RVPPMIETQBPE DIVE oso cocsscpeleceseicrese o.cc oe are sieve sralouee etsteheneree Towe: City, Lowe. o656.csseceee 5 miles south of lowa City, lowa.| Wet; pump. 
Humboldt Gravel id Milelo. ........2.-.252.0eseene Humboldt, lowe... 2252-2... .- 3 miles south of Humboldt, lowa.. Dry; locomotive crane clamshell. 
Tdieat'Sennd! ds CPaVvieliCo... 0. <. seers 2 2c-+caeeeman Mason City, lowe. ......-....-.. Near Mason City, lowa-.......... Dry; drag-line excavators (2). 
Independent Sand & Gravel Co...............-.--- DesiMoines, Towe..........22-.5 River near Des Moines........-- Wet; pump. 
IniversaateriatenialCo.............- <2 sscneessnceesees Davenport, Towat........c0.062- Davenport, lowat.......-<.<:2.-: Do. 
Loa sand arGrawmellOr.. << .c.<.cseeesiemeritecncs Oskaloosa, lowa...........ce06ee River near Oskaloosa. ........-. Do. 
Johmsten Bros, Clay WOrKSe-..-..0....c¢.seeensee ce Fort Dodserlowe. ....<....c-0ce Clay Works, loWas. .w.o22.....05 ' Dry; steam shovel. 
Welly Saad Teh C0 oo... 2.52.01 sn swre's aie)sere ae wientate Burlington, ower 952.:2ecee= River near Burlington. ......... | Wet; pump. 
Je. KempisandudmGmameliCo.. 2 sete2e.. sec cee Oyens LOW. 06.222 ececscceces Ovens Mowar..... cheer .ceeeee Do. 
Rta Tg te li Of: Ress ooo seep noaascacc Keolukwlowe..2 --2c.0c:.chseen- River near Keokuk, Iowa....... Do. 
Tires! Crown PIWSPORGO. 5 a...<..<2c00c0aceescecisnerisel Cedar Rapids, lowa.........---- River near Cedar Rapids........ Do. 
Lake:View Sand & Gravel Co................0--+6- Lakewiew, lowa.......2...2---< Wake View ylOWas.--....cccs cnc Do. 

1 0 nee aeRRR eR Re re aanaucaalbe. - 2 WO oes» wn ares meee ree ee | ee (cece caccsscos Wet; pump and cableway dragline. 
Wiaie worth yiSliGaeOe oc: << oo: eco ee cece sccm Diabucie, Lowe. ser< sc. ee. cc cee Chavbon lowe. cee... 56. cccsceene Dry; steam shovel. 
Larimemd: ShaftewSand Co. .........s.cc.e0enc-eee Cedar Rapids, Iowa...........-- Cedar Rapids, lowa............. Wet; pump. 

Deere CURED OO igi a es ceca iele cee oa aie clears clare els LePNers, LOWS, ..-.. .cccccncecee- Le Maren lowes oc... s..ccesses Do. 

OT BBtie -. caer RaMPemnnranceradeicetoocac oubcocos pac gunnocogdeucescescsnesoac Chierolsee, LOwas. 2 2.22...-. 5-28 Dry; cableway drag line. 

10S Onan e Ha nnrnctoascnccunaden scuse (00 SARA MRR Ee Re Acceaccaccc Hawarden, Towa ........2.02s-6 Wet; pump. 

LO eae eon once, Scccoaseneacds|asae. (|0) ite eee onic rice Gar DOGmRlLOWO ys, <<... 5 oe08 cocsdeeae Do. 

Meliowe saridrQrLileCor, ........ageyciecceeseaers socks Boone, LOW... ...0c02260cncencs Birasery lowe onc... oscen waccceee Wet; pumps (2). 
Mom Sern CO stop a: mintcicssiaialiecs'c 0 sche eee ets rele Diootiglowe:..22 4s selene sie eter Doon, Uowgae soc .caeecsee sere Dry; horse scrapers. 
Mole Sand & Gravel Co...........-.... Dubuque, Iowa...- Dubuqwey;lowar 0.0.02 s000cc 46 | Wet; pump. 
Muscatine Sand & GravelCo........... Muscatine, Iowa. .. River near Muscatine.........-. Do. 
NationalConcrete Materials Co SiouxiCity, lowa:......-..<..- sa eAkion), Lower eee icc. 5.cc cee. Wet; cableway dragline. 
NilegssandriiGnawerCow. <2. sense esse cman see CharlesiCity, lowa...-......--+. Nilesvilleslomar 2 2:..2.4-.csee¢ Wet; pump. 
Northern GnramwellCom.......2.cse=- ~s «cieeeatecle cme Museatine, lowa,.............<.+ Museatine, Lowa. ............-.- Do. 
(PMA. OGGICRIEN Go 05 1... sac semeee <s- Game es cee Hawarden, Towel. .....-....-..< Hawarden, lowa................ Wet; drag-line excavator. 
Oem aeT OO. coc cues + «cette oe enieas oer DeSeMiolties, Towa)... 5.0.2 c0.s een Valley Junction, Iowa........... | Wet; pump. 
Otagenarsamd iGo... 8252.2... sss scene. coaeseece Ottumwa, lowa-.............0-5 1 mile west of Ottumwa, Iowa. . Do. 
Reon ClewmCnavehGOs see cas sins + sane sccanas bam Muscatine, lowa...............- 3 miles south of Muscatine. ..... Do. 
Portlend Sand d«Grawel’Co.........c02--s0s0-20e5 Des Moines, lowa.........-..--- Valley Junction, Llowa........... Do. 

OE a Sec oat. Goel: a8ee Gr . 5 =... 0s ees Booneville; Towa. .2-- 0-20.52" Do. 
Roaliance’Sanid WiGraweliCo. ........ccc.ee se secaanalees os UG. 5 ines ss /saee eee ee seers 34 miles Des Moines, lowa....... Dry; derrick clamshell. 
Remeeni sand’ Grawel\Co......... 22.6. ecs0cneees Remeanel owas. «co ce:00 ses cane Remsen | oWite oc. ae. o ccc canner Wet; pump. 
pe 0S A 26 oe BR ee once SO OME apoccc  « Coe OE he oe Correctionville, lowa............ Dry; locomotive crane clamshell. 
SabulesSand ak GraweliGe:..........0. 002.0002 ccc eee Teeeoliypliess. fo eee acne eee Sabulay lowa.............-..00- Wet; pump. 
SuehioniSande&: Graweli@o...........-.......-.-.-2- Lake View, lowa...............- Saetion, awa... 22. .2cccsscccse Dry; cableway drag line. 
SohneidemSaaid & (rravel’Co..................02265 CORG OTE UOWWE ....... cise cess see Clinttom: TOwa,. 2 o0c0cccc.casccce Wet; pump. 
VAN. eaten OO ow oe cn scncaecoe Cedar Falls, Ilowa............... Cedar Falls, lowa-.-...........- Wet; cableway drag line. 
Spencer Washed Sand & Gravel Co. .......-....... Spenieer, lewis... .. 5 cages. 22-200 Spencer, WOWat = 6.5. .csuc.ces cee | Wet; pump. 
Standard Sand d& Gravel! C0... .........0.-22220cceceee Oskaloosa, lowa......2...-.---0- Harvey, Lowa@n...........20ss0sei Do. 
Wapelle Sand & Building Material Co.............. Ottumwa, lowa...........-...3- River near Ottumwa..........-- Do. 
WewBer lOO DnCGei Me COW oo ocaccic nc MMiae s - o « oan eens Waterloo, lowe... -......06c.c005 River near Waterloo............ Wet; cableway drag line. 
Woodbury County Gravel Works. ................. Correctionville, lowa............ Correctionville, lowa............ Plant not completed. 
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TABLE 2.—Permanent-type commercial sand and gravel plants in twenty-two north central and north eastern 
























































































































































States. 
Claims of car shortage effect on pro- 
duction at various plants. 
Number of plants. - — 4 " L 
= || 2 
State. Bee ee mated ton | eee: Tee 1919 1920 
; tons. Sing age. | TONS: CUE roads. 
| | | 
1 1 Number | Per cent | Number | Per cent 
‘Tgp. (peti /Dry: | Bani: | affected. | reduced. | affected. | reduced. 
| 
| = — SS ——— = = 
WS OD SR ea pont genARIDEOROOGHE &) | peaeee 1 | ae 900 57,000 77,000 | 9, 200 1 50 
New  Heampshire...........-. il | eee ital eee 210 30, 000 35, 000 | 5, 250 ] 15 
W200) 1 ere ()) | Ano dallsonecd GaascsllecoeoSSeee sco eReeeer Eee | oto: 6 SES c | SER GenOeSe Rare Oae se Sees! || oem. 5 
Massachusetts. .............- 12 1 DS eee 9, 885 674,000 968,000 | 147,600 3 20 to 70 
Rode Islamd 2.............. D lconced|ocacddesenod|aaadecce oS: - 26h 05 c Seas een Gp | GEREAerOeeos HOMENEOEE c SRMEs 6S Sees en nn en | 
Gonnectievtes.............-. 10 2 (oll eae 2,750 326, 000 360, 500 69, 850 1 90 
DNGIN, YVOODIGH. << cio sccececes es 26 6 C10) ARS 2 28,615 | 2,867,600 | 3,469,700 846, 850 9 15 to 75 
INAVMIQNBOY:, oo... we sees eee " 25 5 18 2 26,425 , 1,967,000 | 2,352,000 956, 850 15 540 Wo 
Pennsylvania...... one Bp | deel 32 |....-- 50,200 | 4,936,000 | 5,633,200 1, 229, 650 26 | 10 to 75 
Delaware. ...--.sc.00.05-5-- al pe ernee zaloaeee 700 60, 000 44,000 26, 000 4 50 
Maryland and District of 
(CHIC 10 3 Tale ssc 12,250 | 1,907,000 | 1,802,170 470, 100 7 | 10 to 33 7| 10 to 40 
NEUSUION. SAC... .s0s.0ccc0- 14 33) atl |e anne 17,650 | 1,101,000] 1,046,900 |............ 54, 100 356, 000 7115 to 80 11 | 25 to 60 
West Virginia................ 18} 13 i | eae 10, 000 465, 400 526, 400 GINGOONIEES 2.5m 216, 500 13 | 10 to 90 , 16; 10 to 90 
(Oe ace ne 78} 33| 48 2| 71,120 | 4,287,150} 5,369,500} 1,082,350 |............ 1, 818, 125 36 | 5 to 80 40} 10 to 90 
Kentucky... IP 3G Pal Perea 14,040 877,750 | 1,089,750 OLN) |e. are « 180, 800 6 | 25 to 50 5 | 20 to 60 
Indiana...... > || Soon B80)... 59,825 | 4,380,400 | 4,225,500 |............ 154,900 | 1,687,800 29 | 10 to 95 33| 15 to 95 
Tllinois..... 4 Bl | 22) 27 2] 79,225!) 5,467,800 | 5,425,000 |............ 42,800 | 2,944,000 35 | 6 to 85 38 | 20 to 90 
Michigan ...........0.00s.0- Bl» ii) | Sil |Reoe 59,415 | 4,320,085 | 4,847,000 EPA) OM cl 1, 403, 565 32 | 10 to 75 39 | 10 to 90 
WISCONGIN........-2--000000- 3A 2 S| er 33,750 | 1,979,942 | 3,211,000 | 1,231,058 |..........-. ; 883,700 17 | 10 to 60 18 | 25 to 90 
MiMMOSOta ce cee eee ceee » 3D Gh || Ween nosee. 20, 835 838,964 | 1,676,000 STAs), | re 497, 700 8 | 30 to 70 11] 40 to 90 
DBOUtHMMW AKO... 22.65.22. Dl). > sees pegedalleitins =e 2,400 (3) SROOOR Pe raacje lemimjaiellsencc<e sas 25,000 Uae oe Oe. Saaee. 3 
HGS. cA aa Gi | 3 | ota Ee 57,540 | 2,055,873 | 2,661,000 (05 1M | Laoaebenbee | 642,000 38 | 10 to 80 | 49 | 20 to Sd 
F 567 | 220| 341 6 | 557,735 | 38,598,964 | 44,897,620 | 6,593, 286 372,630 | 14,416,540 269 | 5 to 95 325 | 5 to 95 
1 Wet and Dry, as used here, apply only to excavation and not to screening method. 
2 Local pits only. 
3 Started 1920. 
In the statistics above, small, locally used sand and gravel pits are not included. These, however, are abundant, especially in the northern States. 
TABLE 3.—Showing number of plants using various sand and gravel excavation methods. 
Dry excavation. | Dry or wet excavation. Wet excavation. 
— Sa ai = ae —— Total 
Clamshell. | Drag line. Dredges. of all 
State. Me | No Total pein 
= ue Be pee _ a =, ‘ Si Ss 
; Steam | chan- | Horse ame i — | report. | plants. pail 
shovel. ical scraper. i Der- Loco- | Cable- | Exca- |, : Clam- plants. 
digger ine ae way. | vator. | Seraper. Ladder.| Dipper. shell. 
| a U —— a |= = 
Ie). GHB con Coc eae ae 2S eemenal baocoadellacaosac sfacceuc0d GEreened acoscane Anger tes CSnOReese BASeacc  Ceeeeec Ses, |e ere 2 2 
Neweliampshire:..............005 ANGE Srerstatetots | sierra stata ers tars tereeoaliare ate ctei al e-s.o's cieet awieice es. FpRpioc. 4 bceaoreent BrccSoc.cl -5Saeec| Seema = | eee ieee 1 1 
Be oe. sense roncooponsolosn copesllonoodsee| seunbodd Heoceoes occon bee CHAE DeeeTaee Gee ee (Seana re imeminete] ere escor4 User arse - | eee sr| |S PaP eeey eE S| oSra 
Mipwagiebieetts:...........-......- St | eter es) [Semen ee 1 Yili aegee eee tL SonAaee:| eee Uxeage os Semen cee 12 12 
fae LOL MeN ee crea lloa csc cells caecie velecccscsc|eocssceclsceaccsulavceess | noaSb5e ol Saeeeeas nocatiererd ldéncdace causes | CaSeeon aaa PEEeeeic cl | Semmes RP ace 
(CUI) (ier 1 | ec rccesel eeeeee e i Ui eee ee A Raeenbees| Erolcoab. olelie. a |aeeeame eee 7 7 
IN ge 0) 8 UF Ree Uocaacne 3 2 1G eh reser ee cs 4) MN cote sees : ieee... 20 2 
NIGWHIGRSOY........-025+--2..-0005. il a eis coc Renae 3 1 FU eRe) eer = 5 | | | phe | See oe 24 24 
IPOS PAGATNG <1...) ewe een cc noes 1 Es erage Baacoeme re ee ie DU iaeaccersts ameter eas 10 10 i eae ta clears 41 42 
Dolawere...........-....---.-+--- | Pep es (eee: : a Te Meee: ee erly ee, |: ceecemeera-..-|-..ceer ee eee 1 1 
Maryland and District of Colum- | | 
oo -ogSgSRe>. ae 6" | ae el [ar ae be UN rere eee ere (2)a.« ctctesisuatcatein sire c|'« sssalsae | Billo <.cleo ee Seleeiew sista |siss «isc 7 7 
Virginia Du | eseeee | SNe eee Poeere Vaae a ee. 2 i | ae ae. Sen Ss 2 eos ec sones oc See 13 13 
West Virginia 1 | See Ut eects Oa teeninet oe Jk EMBs cols eo see a 7 ee eR a «ae 20 21 
CSG). ... SUS S eee PAL | EER Bae 2 1 2 | 4 8 | ee vetiala(e a ss.+ 18 | 3 7 1 | 2 69 ral 
Hic 07 o Gaeta eee eee 5) | Sees ae Ba. ced Bauer Berane sear | Dees 55+» 0 | conten Ramee 1 1 13 13 
ene ry eee eee oe | a... i Lh 41,0 6 67 
Oe ee eeeeeene 16 7, Fe Se (ore a 1 5 4 2 Lo a a SSERpEeD peecseseg 55 55 
Rig NMLOENE SERENE Ss 5 cia orsiisie ca isic sie wciesin se IN) GaSe De Sakae 3 7 15 | 6 1 DM Senieee.. 2 | 2 ee See 57 59 
Wisconsin..... OIA late; e/a. a sce:ayso.0%e.01 ae lk 4 VO eSrarscec UR eae eee 8 2 3 An eee ain eee <2 Se es eee 31 | a2 
MUNINOSOUBW Eee... occ coe wenn noes i 2 IG | Steere | qh Peseeate 6 | 2 | 2 , 2) | eae been 1 1 27 28 
South! Dalkotar..............-.--- il" eee casesll-dacaécan Bapeeaae Bee aeee el be merce 1 | ees 1h cca LR EIEE Fs Sans: | eee PERE C 3 3 
RN ltete terriers <a eae ase =< <caase = A | Serene nee aN eyarc ata sta re 1 3 12 | Cb eee EE) ilps ee ReeSe Ol eRe joo 1 68 70 
Lo ee 150 10 8 5 2 80,888 | 9! 146 26 4 i 9 6 536 549 



































1 Locally used pits only. 
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FEDERAL AID ALLOWANCES. 


PROJECT STATEMENTS APPROVED IN MARCH, 192}. 















































































| | 
Project 
2 Project | P | Length, - Total Federal 
State. Nice County. | ines: Type of construction. ee Sana ae 
- } 
ly eee. 44, Mohave | COs SOBNDGragel:.-..... 1.0.0 eo eee Mar. 17 | $12,295.25! $6, 147.62 
IRTIEISAS . =... .sisceninc cee ee ee 62 | Washington | “SUSIE | ee aie (110): eS oe SS Obi ce enn e Mar. 25 | Qaasitle. der |g. oe 
121 | Phillips iO. (a COUCKELC:. . 5... 228s 2c ee eee Mar. 11] 233,789. 49 60, 000. 00 
126 | Saline...... EO eh fi) ee Rhee, eres Mar. 25 16, 114. 15 7,500. 00 
128 | Cleveland | Geon0N|... 2. Coe me a 30, 380. 02 10, 000. 00 
USI WAG eee ee is eee ee | 4.080 !..... C0 C0 eee ee Ee Se er SB , 50, 490. 35 24, 000. 00 
Veer pC... .. 15: cere enn eres aire rec oe toa) | WRC AAI Gere > <t..\c.5.0 3 a < care cerie eee ere 80, 176. 99 30, 060. 00 
GORI AS .). . <= +... ccaciemmree ne ° | sees SSS OEE OREEP GEE SCS OAS A 5. 860 | oe pn ea 5 ee IO re or BE SaaS Acc 49,995. 00 a 997. 50 
Sacral Orcs cs aiee ee ee cero 8.440 }....- OSBRE SES AGH ORB oA i DBOGAsp acaba: 112, 530. 00 56, 265. 00 
WOIOEIOOS....u2..5-.0 ed ik BS 5 ees See 5.000 |... ae ee ne. 29/365.60 | 14,682. 80 
TOW | Gitominoses: -. 2.2.2.5 See enc cen cee 1B ...: ee 811g Ae 5 ee era: ee eS 33, 044. 00 16, 522. 00 
VEO || @ostilla: 2522055252 ee ee OBS SHancliee coer ee... ce. eee See 20, 403. 24 10, 201. 62 
He ee eee <a ene. - eeenee .| , | | wvolerete sib Suieciseminsacioeles teen oe 46, 093. 98 19, 940. 00 
L eee ees A eet Moe eee oie 8 bapa Oars siecle cio ne ae Se 39, 995. 89 16,1 0 

190) Graver: Sores seep ee ee eee ae TGR 8. cece esc cece ce oe 30, 988. 38 15 "10 19 
(CC rer PAPE |B\ DIR neanece eB Deane He eHe neees oe ameenc 11 SS00 eecer Oe ao: Sees: oe ee oo oe 100, 000. 01 50, 000. 00 
BE) | Washington... cscs oosnccosscoe-.- dl Meecceeae 2 a MIE E Seen 60,698.00 30, 000. 00 
208 Anppline ees seen eee er ee ARES WMSEIGGL OER At eee ROM ABER ence Kt SSA. 39, 667. 47 19, 833. 73 
: 220 0 Gordon’ (ceca eee eee ee 2. BOD) |. we - 0) ee MERE A Ses | 28, 694. 60 14, 347. 30 
PEC SASEORS occ: ones eee ee 0g (RG) SO ed Caren cusabeneaanoas aS: (Wn Grrammel@ sco 0c. ss ssaa aces oe neee eee 369,991.90 | 328,750. 00 
entucky.........c..--c-seesee 40 | Muhlenburg......................- 0... 27. 700 |... i rare 550,206.25 | 275, 103. 12 
47 | Hopkins.... 20.800 | Gravel and macadam.. 489,225.00 | 244,612. 50 
50 | Jefferson. .... S: G50 | @anmcret@res. co.cc ees. cc ee een cee 406, 456.32 | 173,000. 00 
a an | on eerer: Seamer o ORL RS) 2/8) pe ee ER PS es eRe 22,332. 20 11, 166. 10 
mene Ee eee, = pat SEPP eT 5b oe Bbcoee akc 1 ze ae ie Te POR se ose sceconue. ‘i oe 53 | 191,273. 26 
Diiomom......:-. oan oe PEGRUAC IS: sos 30 1k eee eee ree s QOL... Bed Osetra 195 eee ee 30,580.55 | 415, 290, 27 
Minnesota.........--.--2----00e GS?) Tiveisepeyts.....cclec sccm as Soe Sen eee | 38,430 Gone brick or asphaltic............ Feb. 14 | #346, 568. 64 | 3 168,600. 00 
| gee... ee | PRs) Greate oe a - 25 | 38,803.00 | 16,000. 00 
ae | Rigetsns. eee ie. | ee | aa RO sce PEE | b. 23) 23,067.00 | 7,000. 00 
MN2)| SileOuiss... 252.52 4.-.54 learn ee | 2.080 | Brick, concrete, or asphalt............. . 25; 120,204, 48 38, 000. 00 
ale 0 A gt ore oe eee cay Qe ........:.....:.-.. eee b. 29 | 100,199.22 10.000. 00 
MigsIS9IDPI.... 5. ..0.00.0.0020008 = Se ee eae. 5. ee fa, cn oe Dn. weer eee Ls eee bh. 11} 121, 952. 82 60, 976. 41 

TE Ss een ee. ee BORO las. oe Oi sod eeeeee ee econ ae 17 | 15,178.2 0. 
1g} GPemadac. oss esisnccsse cscs | re "a | 192%61a.64 | 72000.00 
; ; MOH EAT Se oe = eee ce emo 2 eee Concrete, briek, or asphalt. ........... bh. 25 | 221,633.50 |} 100, 000. 00 
IMIRGCuITE . -.. 2... sae eee ee ELTON aii EPO RER ADR meaaaceoasue| Gravel and chat. Nace Stee Od 1D. 20 52, 833. 04 26, 416. 52 
NNOMMINIG.. 5. sb eeeee ae bed oa ES 2: ais iach TROIOL. = Serco. .. 2s SO ere b. 23 60, 225. 00 30, 112. 50 

96),| “Vielen. 2 ek. eee Me COME oem Cee HAMPERS «5. Jannuace sor Ds ai 39, 600. 0 ; 
a a ee i So York, and Fillmore Begun eee ec |G) es eee "4 ae tis 

Gauh Dakota... eee. oe Bee ot COR aeeOMROENS oecoccegend|) 225/00) aaa GOP). ssc caciae ene ae ‘b. 14 | 217,930.00 | 28,965. 
OTTO «seats | ee ee ee 128 Monteeeaery Concrete or bituminous macadam..... Feb. 25 70, 000. 00 20, 000. 00 
Okdehomey......2.2.ce0sccceecee 6 | Okmulgee... Bituminous macadam................. Feb. 7_, 3 183,717.60 | 3 91 858. 80 
(OS SCOR capencosncocseccé: ZOE) Wisneoten. 22 sue). een Conerete or asphalt on concrete base...|...do.. ..; 3 285, 000.00 | 3 117) 500. 00 
South Ganoling.........) 22.2.2 85 | Williams and Berkeley................|.--seeeee. 1955 (032 A een. irene eee Feb. 11 | 848,309.00 | 424,154. 50 
101 | Florence and Marion.................. | cine, ‘mere Mar. 3 349,670.20 | 150,000.00 
108 | Richland and Sumter << -o o-oo. ee fr soceeeenenre Mar. 25| 149,881.05 | 74,940. 52 

mpeemMillew..._.... 028s enone ale + Sap Rogopil®: ...2. os... nes eee ee Mar 9; : 
South Dakota...........25.-.-- Be: | MeCouker......20 5... =. 6 eee eee 14. 000 Gavel Bee io bey Sei eee Mr Z a7, 34, iy 48°90, 00 
@ | Camapel. .. <5. secs eceecse se ecsaces 12. 196 Earth. ee Mar. 19} 59,200.68} 29,600.34 
| Pewbitigee. ....-....cccccsccs-ceocnnas 8.640 |.....dO.-...-.--.0..sssssssscssevscse.| Mor. 2} 49,197.75 > 90,508. a7 
De ST Sowa o oe TG:| Me@oulogh. 2)... <2 5 ccee.c. coc ca lckoeen 3 37.400 Geaeat ad Sandeclinmeen. 2225... 2 Mar. 6 | 375,774.60 [ 3 35, 000. 00 
Bie | Meal Verde... .......2ccccesccc-e seed 7. 20: Cigene) .  ee Mar. 3 | 50,759.94 | 25,000.00 
2 aS ae eee fs. 500 |... en nna - 428, 409.76 | 100,000. 00 
235 | Howard, Midland, Martin, and Ector.) 95.00 |{....do.................... ea Mar. 11 | 877,264.41 | 302) 279.00 
; 296 | Washingtotwe.........0 cel 33.000 |. 2... oe oe. Mar. 23 | 963,298.20 | 200,000. 00 
Uta. sees eeeereceeee By UME ee cc h eaten 3 10.450 | Comeiete..........ceccssececreslssee Mar. 12 | * 291) 980.95 | 3 145,640.12 
i ee ee 23 | Bennington 800 |..... d Mar 39,297.50 | 19, 648. 75 
Naaiigre -...... . scene 99 } Halifax and Pittsylvania 6.220 | Topsoil 40) 418. 40 20, 209 20 
Wistomsin..............--....., 119 | Barron -727 | Earth 16, 329.17 | 8,000. 00 

TOR cs rs eee oo ac. oe a ee 124500 hs. ae do 1 1 , 
es | Same ee ee 3.0 i ee ees = ag. 68 | 13°000.06 
Wi | Glee es ,4f0)| Gravel... ....-622000... 19,125.70 | 7,500.00 
195 | Columbia 3.310 |..... Bee... ees eeee 30,000.00 | 12,000. 00 
197 | Dane...... 3.310 | Earth 39,259.17 | 17, 000.00 
mis do. 5.360 | Gravel , 49° 500.00 | 16,500.00 
ee | ea a oe ans 4.850 |..... do ar. 64,650.22 | 24° 000.00 
aR" ana eS 5.540 |... do 1; 58,874.82 | 20°00. 00 
Te) | laumbladow..........cc2-...osaeeeiss 5.640 |... do ar. 71,315.41 | 25000. 00 

207 | Manquette...........0...0-s0cescceseoe 1.636 |... do. ” 500. 
ado". Si, 468. 88 11, 500. 00 
282 | Quabampmmion o.oo. cane oe eecncnesoees 2. 96) COMMMAEE a. « oc-s os <0 eee --do. 102, 551.79 | » 42,000.00 
233 IS Merc =~ a(n, <)o Ee oe ee ee 2.150°| Slwleiawe pravel...........05...2.28-5 . do 14; 997. 40 6,000. 00 
ee) | MiG... .....-...-.-2..secc cea | 3.670") Comamoted = oe... soccer do. 146) 159.74 | 50; 209.12 
1 Revised statement. ; 


2 Revised statement. 


3 Withdrawn. 


Amounts given are increases over those in the original statement. 
Amounts given are decreases over those in the original statement. 


O 





ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets, 
nor to send free more than one copy of any publication to any one person. The editions 
of seme of the publications are necessarily limited, and when the Department’s free 
supply is ethausted and no funds are available for procuring additional copies, appli- 
cants are referred to the Superintendent of Documents, Government Printing Office, 
this city, who has them for sale at a nominal price, under the law of January 12, 1895. 
Those publications in this list, the Department supply of which is exhausted, can only 
be secured by purchase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


REPORTS. 


Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 
Report of the Chief of the Bureau of Public Roads for 1920. 


DEPARTMENT BULLETINS. 


Dept. Bul. *105. Progress Report of Experiments in Dust Preven- 
tion and Road Preservation, 1913. 
*136. Highway Bonds. 
220. Road Models. 
*230. Oil Mixed Portland Cement Concrete. 
*249. Portland Cement Concrete Pavements for Country 
Roads. _l6dc. 
257. Progress Report of Experiments in Dust Preven- 
tion and Road Preservation, 1914. 
314. Methods for the Examination of Bituminous Road 
Materials. 
347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 
*348. Relation of Mineral Composition and Rock Struc- 
ture to the Physical Properties of Road Materials. 


10c. 
*370. The Results of Physical Tests of Road-Building 
Roek; 5c. 


*373. Brick Roads. 15c. 
386. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the South- 
ern States, 1914. 
388. Public Road Mileage and Revenues in the New 
England States, 1914. 

*389. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. dc. 
Public Road Mileage in the United States, 1914. 

A summary. 

*393. Economic Surveys of County Highway Improve- 
ment. 30c. 

407. Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1915. 

414. Convict Labor for Road Work. 

*463. Earth, Sand-Clay, and Gravel Roads. 15c. 

532. The Expansion and Contraction of Concrete and 
Concrete Roads. 

*537. The Results of Physical Tests of Road-Building 
es in 1916, Including all Compression Tests. 

c. 

555. Standard Forms for Specifications, Tests, Reports, 
and Methods of Sampling for Road Materials. 
Reports on Experimental Convict Road Camp, 

Fulton County, Ga. 
Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1916. 
660. Highway Cost Keeping 
670. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 
*691. Typical 


390. 


583. 
586. 


Specifications for Bituminous Road 
Materials. 15c. 
704. Typical Specifications for Nonbituminous Road 
Materials. 
*724. Drainage Methods and Foundations for County 
Roads. 20c. 
*Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 
1918. 15c. 
*Public Roads, Vol. II, No. 23. Tests of Road-Building Rock 
inelong.  T5e: 


DEPARTMENT CIRCULAR. 


No. 94. TNT as a Blasting Explosive. 


FARMERS’ BULLETINS. 


F. B. 338. Macadam Roads. 
*505. Benefits of Improved Roads. 5c. 
597. The Road Drag. 


SEPARATE REPRINTS FROM THE YEARBOOK. 


Y. B. Sep. 727. Design of Public Roads. 
739. Federal Aid to Highways, 1917. 


OFFICE OF PUBLIC ROADS BULLETINS. 


Bul. *45. Data for Use in Designing Culverts and Short-Span 
Bridges. (1913.) 15c. 


OFFICE OF PUBLIC ROADS CIRCULARS. 


Cir. *89. F rosaaes Report of Experiments with Dust Preventatives, 
oC. 
*90. Progress Report of Experiments in Dust Prevention, Road 
Preservation, and Road Construction, 1908. 5c. 
*92. Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 
*94, Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 
*99. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1912. 5c. 


OFFICE OF THE SECRETARY CIRCULARS. 


Sec. Cir. 49. 
*52. 


Motor Vehicle Registrations and Revenues, 1914. 
State Highway Mileage and Expenditures to January 
1, 1915. 5c. 
59. Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 
63. State Highway Mileage and Expenditures to January 
1, 1916. 

Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Aid Road Act. 5c. 
Width of Wagon Tires Recommended for Loads of 

Varying Magnitude on Earth and Gravel Roads. 5c. 
73. Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 
74, State Highway Mileage and Expenditures for the 
Calendar Year 1916. 
Bite Haney moptel Roads in the Vicinity of Washington, 
COC: 
Public Roads Vol. I, No. 1. Automobile Registrations, Licenses, 
and Revenues in the United States. 
OUT: 
Vol. I, No. 3. State Highway Mileage and Expen- 
ditures in the United States, 1917. 
*Vol. I, No. 11. Automobile Registrations, Licenses, 
and Revenues in the United States, 
OTS eeloe: 
Vol. II, No. 15. State Highway Mileage and Ex- 
penditures in theUnited States in 
LOS. ber 


*65. 
bal 2 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables Upon the 
Penetration Test for Asphalts and Asphalt 
Cement. 


Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Vol. 5, No. 20, D- 4. Apparatus for Measuring the Wear of Con- 
crete Roads. 

Vol. 5, No. 24, D- 6. A New Penetration needle for Use in Test- 
ing Bituminous Materials. 

Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced Cou 
crete Slabs Under Concentrated Loading. 

Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 


Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Concrete 
Slab Subjected to Eccentric Concentrated 
Loads. 

4, D-16. Ultra-Microscopic Examination of Disperse 
Colloids Present in Bituminous Road 
Materials. 


Vol. 17, No. 








* Department supply exhausted. 
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